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preface 


T he beginning of all meteorology, weather forecasting, and 
climatological studies lies with the original observations of 
weather and other atmospheric factors. To establish a firm 
foundation for these sciences a basic and uniform system of observ- 
ing has been adopted by the International Meteorological Organi- 
zation. Observing weather is in most countries the responsibility of 
the government. Observer training has been (;onducted as an *Sn- 
service’’ program, and all official observing instructions are issued 
by the government. Most of the official government documents 
are directed to the experienced observer and are on an ^^opera- 
tional” plane. 

This book was written for high-school and college courses in 
elementary meteorology and weather observing. It may also be 
used by the layman who wants to take up the hobby of weather 
observing. 

Because of the requirement of uniformity in practices of observ- 
ing, the text follows closely the various United States Weather 
Bureau instructions on observations. 

I wish to express my appreciation to Mr. A. J. Crowshaw for 
his invaluable assistance in editing the book and to Mr. L. F. 
Hafer for his assistance in preparing the illustrations. Considerable 
technical assistance was also given by Mr. L. P. Harrison and Mr. 
A. V. Carlin. 

To Dr. F. W. Reichelderfer, Chief of the United States Weather 
Bureau, I express gratitude for his interest and encouragement in 
the preparation of this book. 


B. C. Haynes 

Washington^ D. C. 

November i 1947 
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Chapter I 


THE ATMOSPHERE 


Definition of Meteorology 

Meteorology or, more commonly, weather, is the science, or 
branch of physics, treating of the atmosphere and its phenomena. 
There are many kinds of meteors, and they may be classed as 
follows: (a) aerial meteors, such as winds and tornadoes; (6) hydro- 
meteors, such as rain, hail, and snow; (c) lithometeors, such as 
dust and smoke; (d) luminous meteors, such as rainbows and halos. 
These also include the igneous meteors, lightning and ^ ^shooting 
stars. Thus the word pieteor is not confined to ^^shooting stars^’ 
or meteorites. 

Weather Observer 

Like chemistry, physics, and other sciences, the study of the 
atmosphere must begin with known facts. These facts must be 
determined as accurately as possible and expressed in terms reduc- 
ible to worldwide standards. The person who makes the original 
observations of facts concerning the state of the atmosphere is 
called the weather observer. Actually, many elements other than 
weather may be observed, and aerographery the name used by the 
United States Navy for this type of observer, seems more appro- 
priate than weather observer. As a science progresses, additional 
facts are determined. Usually, as new facts are determined, more 
and more skill is required of the observer, who must be as highly 
trained as a skilled laboratory technician. 

Direct and Indirect Observations 

Of all the natural sciences, meteorology comes closest to affect- 
ing directly the lives of all people. Even a very young child knows 
some of the facts about the atmosphere — for example, when it is 

1 
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hot or when it is cold. As we grow older, we observe that clouds 
obscure the sun and that rain or snow usually occurs when it is 
cloudy. But such general observations as very hot, very cold, a 
strong wind, or a great amount of rain have little scientific appli- 
cation. In order to describe the atmosphere with sufficient accu- 
racy and detail for meteorologists to derive the physical laws and 
make forecasts of weather conditions, a quantitative or numerical 
description, called an observation, must be made. The usual 
quantitative method states the ratio of the observed data, in terms 
of size, weight, or temperature, to some accepted standard. Tlie 
standard is called the unit. A unit of weight in the English system, 
for example, is the pound. As each of the elements are taken up 
in later chapters, the units of measuremcmt will be discussed in 
detail. 

Some observations are made by direct measurements; that is, 
they are made by comparing the quantity with a unit of the same 
kind. This is done when we pla(^e a ruler in a container of water 
and measure the depth of the water in inches. In this ciise, the 
inch is the accepted standard unit. But most measurements arc 
indirect; for example, the wind speed may be found by measuring 
the number of miles (units of distance) of wind which pass a fixed 
point in 1 hour (unit of time) to obtain speed in miles per hour 
(units of speed). Other observations must be ^‘rediu^ed^’ or cor- 
rected by certain standard procedures to obtain values whicffi may 
be compared with similarly corrected observations of the same 
element made at other stations throiighout the country or through- 
out the world. 

Geneual Structure of the Atmosphere 2* ^ * 

To understand the scope and magnitude of the observer\s work, 
and some of the variable factors affecting the elements he observes, 
one must have a knowledge of the structure of the atmos- 
phere. 

The atmosphere is principally an ocean of gas which envelops 
the earth. Air, the basic material composing the atmosphere, is 
highly elastic and compressible; and, although it is extremely 
light, it has weight and exerts a pressure on all objects it touches. 
The weight of unconfined air in a column of unit area that extends 

* See numbered references beginning on page 197. 
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from the point of measurement to the top of the atmosphere is 
also the pressure of the air at that point. If the point is at sea 
level, the weight is normally about 15 pounds per square inch. 
The corresponding units of pressure used in meteorology are dis- 
cussed in the chapter on pressure. A given volume of air contains 
78 per cent nitrogen, 21 per cent oxygen, and about 1 per cent of 
other gases. The proportions of this gaseous mixture are, for all 
practical observational purposes, the same in all parts of the world 
and at all elevations up to at least 12 miles. The atmosphere also 
contains water, ice clouds, and water vapor, the total varying in 
amount from 0 to 5 per cent by volume. The atmosphere, even 
when clear, contains an enormous number of particles or impurities, 
such as dust particles, smoke particles, and salt partickis from sea 
spray. The density of air continuously decreases with altitude 
to the upper limit of the atmosphere, the exact height of which is 
not known. One-half of the atmosphere lies below 18,000 feet 
(3J^ miles), and 90 per cent of the air is contained in a layer only 
10 miles deep.^® 

Normally, the temperature decreases upward from the ground, 
or through the troposphere, to the base of the stratosphere. The 
dividing line is called the tropopause. Upward through the strato- 
sphere the temperature remains constant or gradually increases. 
The height of the tropopause varies from day to day, but the 
average is 55,000 feet over the equatorial regions, and 20,000 feet 
over the poles. 


Variations in the Atmosphere ^ 

Most of the time the air is in motion over the greater part of 
the earth. The direction and speed of movement arc expressed 
as wind velocity. For the most part, the motion is the result of 
uneven heating and cooling of ocean and land surfaces, which pro- 
duce the horizontal differences in air temperature. Over the 
oceans and vegetation-covered land areas, the air absorbs moisture. 
As the air is cooled by various processes, its moisture, which is 
usually in the invisible vapor state, condenses out to form fogs and 
clouds from which rain or snow may fall. 

Over the oceans or large land areas of the earth, large, slowly 
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moving bodies of air become warm and moist, or cool and dry. 
These bodies of air are referred to as air masses. They retain 
some of their properties as they move away from their source 
regions, which are usually either polar or tropical. The bound- 
aries separating different, contiguous air masses arecalled ‘‘fronts.’^ 
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night night 

Fig. 2. Diurnal variations of temperatun*, clew point, relative humidity, 
and station pressure. Normal (!urves for Washington, D. C. 


They form sloping surfaces that are produced as the lower, colder 
air mass pushes under the warmer air ma^^s soniv^what in the fash- 
ion of a flat wedge. 

Storm areas in the middle latitudes are the result of interactions 
between air masses along fronts. These storm areas are usually 
associated with areas of low pressure, whose wind systems blow 
counterclockwise around the center in the northern hemisphere, 
and clockwise in the southern hemisphere. These low-pressure 


Pressure (mb,) 




6 


The Atmosphere 


areas, called cyclones, are usually about 1,000 miles in diameter. 
Their counterparts arc areas of high pressure, called anticyclones, 
about which winds blow clockwise in the northern hemisphere 
and counterclockwise in the southern hemisphere. The anti- 
cyclones are usually areas of good weather, and their diameter 
averages 2,000 miles.®* 

There are several types of cyclonic storms ranging in size from 
a diameter of a few hundred yards, as in a tornado, to about 
200 miles for the tropical cyclone or hurricane, and up to the 
cyclone of 1,000 miles in diameter found in the middle latitudes. 
The cyclonic storms usually move with the general air stream, 
which is west to east in middle latitudes, and east to west near the 
equator. 


Uses of Weather Observations 

The foregoing illustrates the scope of the problem which the 
meteorological observer or aerographer faces. The student who 
desires to go further into the causes and laws of meteorology 
should, of course, study textbooks on theorcti(;al meteorology, 
forecasting, and climatology. With an understanding of the 
principles of meteorology and a knowledge of the correct techniques 
of weather observing, the student may derive much personal 
benefit and enjoyment by observing the weather. 

There are two basic reasons for establishing a weather observa- 
tory where regular observations may be made: (a) forecasting of 
future weather conditions; (b) study of past conditions to deter- 
mine climate. Under (a) may be listed those observation sta- 
tions that are established to give up-to-the-minute observations 
for aviators; under (6), all weather observers who keep records 
are included. 


Types of Weather Stations 

The International Congress of Meteorologists, assembled at 
Vienna in 1873, established the first classification of weather obser- 
vatories. This classification is still used today. 

First-Order Stations of the International Classification 
Normal meteorological observatories, at which continuous 
records are kept of hourly readings of pressure, temperature (dry- 
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and wet-bulb), wind, sunshine, precipitation (rain or snow) with 
eye-observations of the amount at fixed hours, form and motion 
of clouds, and notes on the weather. 

Second-Order Stations 

Normal climatological stations, at which are recorded daily, 
at two fixed hours at least, observations of pressure, temperature 
(dry- and wet-bulb), wind, (doud, and weather, with the daily 
maxima and minima of temperatures and the daily amount of 
precipitation and remarks on wc^ather. At some stations the dura- 
tion of bright sunshine is also recorded. 

Third-Order Stations 

Auxiliary climatological stations, at which observations of 
the same kind as those at the normal climatological stations are 
taken, but arc (1) less full, or (2) taken once a day only, or (3) 
taken at other than recognized hours. 

In addition to the above stations, there are two classes of sta- 
tions which measure conditions in the upper air. These are: 

Winds-aloft siationSy which obtain the direction and velocity 
of the wind at standard levels up to above 20,000 feet. 

Upper-air sounding stationSy which obtain temperature, pressure, 
and humidity up to 70,000 feet or higher. 


Standard Observation Times 


In order that weather maps may be prepared, synchronous 
observations are made throughout the country and world. Stand- 
ard observation times for four daily surface observations have 
bcHiii (chosen. These times for United States zones are: 


1 

1 :3() A.M. KST 
12:30 A.M. CST 
11:30 p.M. MST 
10:30 p.M. PST 


2 

7:30 A.M. EST 
6:30 A.M. CST 
5:30 A.M. MST 
4:30 A.M. PST 


3 

1 :30 p.M. EST 
12:30 p.M. CST 
1 1 :30 A.M. MST 
10:30 A.M. PST 


4 

7:30 p.M. EST 
6:30 p.M. CST 
5:30 p.M. MST 
4:30 p.M. PST 


In addition to the above, some stations take intermediate, 3-hourly 
observations, and hourly observations are taken between the hours 
specified above. , 
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The full observation is usually made within the 20-minute 
period just prior to the time specified as observation time. 

Upper-air observations are made either twice or four times a 
day. In the United States these times are: 

12 3 4 

6:00 A.M. EST 11:00 a.m. EST 5:00 r.M. EST 11:00 p.m. EST 

In meteorology it is convenient to use the 24-hour clock, 0000 
being midnight, or the beginning of the new day. Then 0000 
would be 6:00 a.m., and 1800 would be 6:00 p.m.; 2400 is not used 
to denote midnight. 

It is desirable also to refer all observation times to the meridian 
of Greenwich, Pmgland, which is on the zero meridian. This time 
is referred to as Greenwich Civil Time, G.C.T. For the United 
States the four time zones may be referred to G.C.T. as 
follows: 

1. Eastern Standard Time — add 6 hours to obtain G.C.T. 

2. Central Standard Tiiiu; — add 6 hours to obtain G.C.T. 

3. Mountain Standard Time — add 7 hours to obtain G.C.T. 

4. Pacific Standard Time — add 8 hours to obtain G.C.T. 


, Elements and Methods Used in Weather Observing 

The general scope and natuni of the problem confronting the 
meteorological observer have been indicated. Let us now be more 
specific about the elements that must be observed to determine 
the facts concerning the stat(i of our ever-changing atmosphere. 
There are two general classes of surface observations, that is, 
observations that may be made by an observer on the ground 
without the aid of the usual sounding devices. Together with 
instruments or aids used, these may be listed as follows: 

Visual Observations 
Observation of 

1. Clouds (types By comparison with International At- 

and amount) las types, and by eye 


2. Visibility 

3. Weather 


By eye, objects at known distances 
Definitions of hydrometeors 
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Instrument Observations 


Observation of 

Instruments 

1. Cloud diro(!t,ion 

Nephoscojie 

2. Cloud 

Ceiling light j)rojector and clinomekT 
Ceiling balloon 

Ceiloineter 

3. Tcm[)er<‘ituro 

Th(^rinom<iter 

Thermogra{)h 

4. ITuinidity 

W(d.- and dry-bulb psychromeder 
ITygroni(d(‘r 

Hygrograi)h 

5. Wind direction 

Wind vanc^ 

6. Wind speed 

AnenioiTR'ter 

7, Pressure 

Mercurial barometer 

Aneroid barom(4er 

Barograi)h 

8. Precipitation 

Rain gagt^ 

Snow depth 

Measuring stick 


In addition to the above surface observations^ upper-air observa- 
tions may be made by ground observers by means of sounding 
balloons, which ar(‘ usually free balloons sent high into the air. 

The first type of free balloon observation is for obtaining the 
direction and speed of the winds aloft. These are called pilot- 
balloon observations, and the instrunu'nts used are: 

1. A rubber balloon, fill(Kl to a given free lift with helium or 
hydrogen (the ascensional rate is assumed to be constant). 

2. A theodolite, similar to a surveyor’s transit, through the 
bdescope of which the balloon may be observed. 

3. A clockwork time signaler. 

4. A radar direction device, if a metallic target is attached to 
the balloon. 

The second type of free balloon observation is the radiosonde 
ol)servation. A radiosonde is a meteorograph and radio transmit- 
ter used in conjunction with a ground radio receiver and recorder. 
The elements measured are (1) pressure, (2) temperature, (3) hu- 
midity. In the following chapters, techniques for observing each 
of the above elements will be fully discussed. 
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Selection of the Site 

Meteorological observations are of greatest use when they are 
made under conditions comparable with those of observations 
made at all other locations. They must therefore be made accord- 
ing to uniform procedures and with accurate instruments. But 
merely to satisfy this essential condition is not sufficient. Varia- 
tions of exposure and location of instruments often produce a 
greater difference in observations than minor inaccuracies in instru- 
ments. A surface observation should measure the true conditions 
that represent the state of the atmosphere in the vicinity of the 
observatory. Heat from buildings may influence air temperature 
readings. Wind and precipitation measurements are affected by 
proximity to buildings. 

Selection of a site and the proper exposure of instruments are 
the first steps in the establishment of the weather observatory. 
Selection of a site may depend upon the reasons for setting up an 
observation station. If observations arc required at an airport 
and the observer must be located in or near an administration 
building, the choice of site will, of course, be limited. If a physics 
or science department of a school wishes to establish an observa- 
tory, the location of instruments indoors and outdoors will be 
limited to the facilities and grounds at the disposal of the school. 

There may be occasions to set up observatories for special agri- 
cultural purposes, as for fruit-frost work, at points that would be 
considered undesirable for general climatic or synoptic pur- 
poses. 

If the observation station is set up to obtain the most repre- 
sentative measurements of the state of the atmosphere near the 
ground, then the site chosen for exposing the outside instruments 

10 
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should be the most unrestricted area possible. An open space 
300 or 400 feet square without buildings or trees and without large 
areas of concrete bordering the site (as in the case of an airport) 
would afford the ideal location. 

To prevent the direct rays of the sun from falling on the ther- 
mometers used for air temperature measurements, a screen, or 



Via, 3. Typical plot for meteorological instruments showing wind tower with 
anemonuiter and wind vane, instrument shelter, rain gages, and comb 

nephoscope. 


instrument shelter, is required. It should be placed near the 
center of a plot covered by short, level grass, with a minimum 
area of about 20 feet by 20 feet. The grass cover reduces reflec- 
tion of radiation and does not become locally heated as a concrete 
surface might. The rain gage should be placed about 10 feet from 
the vshelter. The plot should be in an area of level ground. A 
steep slope or a sheltered hollow where air drainage would make 
the observation not representative should be avoided. 

There should also be space inside a building for the observers to 
work and for the installation of the interior instruments. Nor- 
mally, a room 10 feet by 10 feet will suffice if the work is to be 
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confined to observing. Classroom demonstration observations 
may require multiple sets of instruments so that a number of 
student observers may make nearly simultaneous observations. 


Location and Elevation of Obseuvatory and Position of 

Instruments 

Climatic studies require detailed knowledge of the exact location 
of the observation point. The location of the observatory should 
be given as follows: 

Number, street, city, county, and state; and latitude and 
longitude to degrees and minutes. 

There are a number of elevations which must be established in any 
observatory in order to make the observations comparable with 
those made at other stations. A standard official ^hx^ference 
plane^^ may be determined by using a bench mark established by 
the United States Coast and Geodetic Survey, the United States 
Geological Survey, the Lake Survey, the Mississippi River Com- 
mission, or the Engineer Corps. The city or county engineer, or 
one of the above agencies, will be able to locate a convenient bench 
mark. The elevation of the bench mark in feet and tenths or hun- 
dredths of feet is referred to as the ‘^reference plane^^ ele- 
vation. 

A line of levels should be run from the bencL mark to the build- 
ing in which the observatory is located, and a secondary bench 
mark, or ^^fixed point,” should be established on the stonework of 
the building. Further elevations may then be determined by 
reference to the ^^fixed point.” The elevations to be established 
are: 

(а) Actual elevation of barometer (//«) is the elevation of the 
ivory point or zero point of the barometer scale. 

(б) Official elevation of station (//) is the height of the ground 
above sea level at the station. 

(c) Field elevation (77/) is the elevation above sea level of the 
average of all possible landing points at an airport. 

(d) At airports, elevation of 8-foot plane above field (T/s) is the 
elevation above sea level of the plane 8 feet above ^^field eleva- 
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tion^^ {Hf), This is the average height of altimeters in airplanes 
on the ground at the individual airport. 

(e) Station elevation (H^ is the elevation above sea level 
adopted for a station as the basis to which all pressure observa- 
tions at the station are correlated. For stations located on air- 
ports, it is convenient to use the '‘elevation of the 8-foot plane'' as 
the "station elevation." Some older observatories refer to the 
"height of the barometer" as "station elevation." Once this 
elevation is fixed, it should remain the same for reference purposes, 
ev(m though the barometer may be moved. If the barometer is 
moved, a removal correction is usually applied to the pressure read- 
ings in order that the original reduction tables may continue to be 
used. 


Orientation and Specification of Directions 

In meteorology all directions are based upon true north. A 
number of instruments, including the wind vane and nephoscope 


360® 



180 * 

Fig. 4. Azimuth directions from point of observation. 

for observing cloud direction, must be oriented correctly with 
respect to directions. Direction is specified by cardinal points 
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Fig. 5. Isogonic map of the Unihid States showing magnetic compass varia- 
tion (declination) from true geographical directions. 



Fig. 6. North Star (Polaris) orientation„ 
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the compass, or degrees from true north measured in a clockwise 
direction. Figure 4 shows the two methods of measuring 
direction. 

The direction of an object with reference to the observation 
point is called its ^ ‘bearing.'^ The bearings of a number of promi- 
nent objects, such as towers, spires, or hills, may be determined 
for reference purposes. True north may be established by refer- 
ring to a standard survey map. If this method is used, the obser- 
vation point should be accurately located on the map and bearings 
to prominent features should be noted. From these bearings, a 
true north point may be located. 

A second method of determining north is with a pocket or sur- 
veyor's compass. A magnetic compass reads magnetic north and 
must be corrected for d(*cIination since the magnetic pole is not 
the same as the geographic pole. Airway maps contain lines 
(isogonic lines) showing magnetic declination that may be used 
to correct the compass readings. 

A third method is based upon the position of the Pole Star. In 
northern latitudes the North Star, or Polaris, may be located 
easily on any clear night as the last star in the ‘‘tail^’ of the con- 
stellation known as the Little Bear (Ursa Minor). It may also be 
located by following a straight line projected across the two bright 
stars farthest from the tail of the Great Bear or ^‘big dipper.'^ By 
sighting on the North Star and then dropping vertically down to 
the horizon, a point close to true north may be located. 


Weather Record Forms 

The weather observatory should have on hand a stock of forms 
upon which to record observations. A well-kept and unbroken 
record of observations is often an invaluable asset when (dimatic 
studies are made of the area in which the observatory is located. 
Several types of record forms are suggested, including the forms 
now in use by the Weather Bureau, Army, and Navy.^® 



RECORD OF LOCATION AND ELEVATION OF OBSERVATORY AND POSITION OF INSTRUMENTS 



Barometer above reference plane 
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DESCRIPTION OF TOPOGRAPHY AND EXPOSURE OF INSTRU- 
MENTS AT WEATHER REPORTING STATIONS 

Station and state County Date 

Date established Direct supervising station 

Type of station. First order: Second order: 

Exposure and Installation op Instruments 

Instnunent shelter: Height of floor above roof ft., above ground 

ft., height of dry bulb above shelter floor ft. Lighted from: ( ) 110-v. 

source, ( ) other. Forms used: Thermograph, No Hygrograph, 

No. Hygro thermograph. No. Explain briefly any 

local influences which might affect temperature values. Evaluate the char- 
acter of exposure as excellent, good, fair, or not representative. 


Wind instruments: Anemometer cup-wheel ft. above roof, ft. 

above ground; wind vane ft. above roof, ft. above ground. 

Cable ft., number of conductors , gage , ( ) lead covered, 

( ) braid. Describe wiring and installation; give direction and distance 

of nearby objects obstructing the free movement of wind. Evaluate ex- 
posure. If direct-reading dial wind indicators are in use, describe the type 
and indicate ownership. 


Pressure-measuring instruments: Elevation of ivory point above sea level 
ft. 

Mercurial, station: Made by Type Scale 

Mercurial, extra: Made by Type Scale 

Barograph: Made by Scale ( ) 4-day, ( ) 7-day. 

Uses Form No. 

Aneroid: Made by Scale Describe fully any special 
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instruments, and explain any unusual features in the installation or mounting, 
etc. 


Ceiling light projector: Made by Model or type 

Diameter of cover glass in., diameter of primary reflector in. 

Electric current: ( ) AC, ( ) DC, cycle , volts at service box , at 

transformer primary , at lamp socket Cable: Length, ft., 

gage, conductor, type Lamp: volts, watts, 

bulb, base. If two projectors are in service repeat the infor- 
mation itemized above for the second projector. Describe any special fea- 
tures such as relays, mark-time switclu^s, pilot lights, etc. Is the control 
switch near the observation point? How is it mounted? If there is a day- 
time proj(5ctor or ceiling alarm device in operation, describe installation and 
e(iuipment. 


Rain and snow gages: 

S~in.: ( ) copper, ( ) galvanized. Top of gage ft. above roof, 

ft. above ground. 

Tipping bucket: Make Top of gage ft. above roof, 

ft. above ground. 

Weighing gage: Make Model , ( ) single, ( ) 

doul)le, ( ) triple traverse, uses Chart No. , top of gage ft. above 

roof, ft. above ground. Describe installation, and list the distance and 

height of any local obstructions which might affect catch. Evaluate the ex- 
posure as excelkmt, good, etc. Describe any special equipment such as towers, 
snow shields, etc. 


Pilot balloon equipment: 

Theodolite: Make Serial No. 

Observation platform: ( ) ground, ( ) roof, ( ) shielded by windbreak, 

( ) revolving dome. 

Inflation room: ( ) separate building, ( ) space in office building, ft. 

high, ft. wide, ft. long. Dimensions of door through which balloons 

are taken ft. high, ft. wide. Gas: ( ) helium, ( ) hydrogen, 

( ) cylinders stored in inflation room, ( ) gas piped to room. Number of 

regulators required Telephone to observation platform, ( ) yes, ( ) 

no. Balloons: ( ) lOg, ( ) 30^, ( ) lOOp, ( ) raob. Give angular dimen- 
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sions of objects which may obscure balloon in flight; evaluate the observation 
point as excellent, good, etc. Describe any special featun;s or instruments. 


Sunshine recorder: Describe installation and exposure. 


Exposure and Installation op Instruments 

Miscellaneous, exhibition, and special instrumental equipment: Give de- 
tails of exposure and installation of any special equipment siuii as solar radi- 
ation, evaporation, snow density tubes, nephoscopes, etc. 


Wiring: If wiring is not distinctly marked and easily traced, keep working 
diagrams of instrument circuits, power circuits to equipiiumt, and charger and 
batttjry circuits. Describe? and um diagrams in sufficient detail to (;nabU? one 
not acquainted with station circuits to make n(?cessary repairs qiiickly and 
efficiently. 

Battery charger: Manufacturer Style 

Amp. hr. cap. 

Storage battery: Make Type volts. 

Amp. hr. cap. 

Voltmeter: Make ( ) AC, ( ) DC. Scale 

volts to volts. 

Primary batteries: Number cells in wind-direction circuit , anemometer 

cir(!uit sunshine and rain-gage circuit Average number of re- 
charges per annum 


General Description of Station 

Describe the surrounding terrain and its relation to the site of the station. 
Is the country generally level, rolling, hilly, or mountainous? Indicate the 
elevation and location of any hills or mountains; the location of any bodies 
of water; describe any pronounced topographical influence on the weather 
such as foehn effect, formation of fog due to air drainage, upslope winds, etc. 



SURFACE WEATHER OBSERVATIONS 
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The Formation of Clouds 

Clouds form when the invisible moisture in the air condenses 
in the form of water droplets or ice crystals. Tlu^ (;loud particles 
remain in suspension in the air in the form of a colloid. The air 
currents and turbulent eddies are sufficient to sustain the small 
cloud droplets. If, however, the droplets grow to such a size and 
weight that they can no longer be held aloft by the turbulence of 
the air, they will fall from the cloud as rain or snow. The direct 
condensation from water vapor to liquid may take place even at 
temperatures below 32® F. When water vapor (changes directly 
into ice crystals, the process is called sublimation. This will form 
a cloud of ice crystals. Pure ice (crystal clouds are usually formed 
at temperatures well below 32® F. 

There are a number of ways by which the air may be 
cooled to bring about saturation and cloud formation, and 
these are the bases of textbooks in weather forecasting and theoret- 
ical meteorology. 

Cloud observations should be made accurately with respect to 
the type, the amount, the direction of movement, and the height, 
as the first step in providing the forecaster with information upon 
which to base forecasts of cloud growth or dissipation. 


Cloud Classification 

A system of classification, based upon the forms and relative 
altitudes of clouds, has been selec^ted. This system is discussed 
below. Some of the physi(*al processes producing clouds are also 
considered. Classification of clouds under a uniform system 



Cloud Chssijication 23 

throughout the world was one of the most progressive steps in 
modern meteorology. 

In 1929 the International Meteorological Organization met in 
Copenhagen, Denmark, and adopted the present cloud code and 
definitions of cloud forms. The organization published their 
results in the International Atlas of Clouds and States of the Skyj of 
which the third edition was published in Paris, France, in 1932. 


Family 


Mean 
Lower 
Level * 


Mean 
Upper 
Level ♦ 


A. HiRh 
clouds 


6,0(K) III. 

20,000 ft. Tropopauso 


1 . 

2 . 

3. 


B. Middle 
clouds 


2,000 m. 6,000 m. 
6,500 ft. 20,000 ft. 


4. 

5. 


C. Low clouds ‘ , 

ground 

D. Clouds with 500 m, 
vertical de- 1,600 ft. 
velopinent 


6 . 


2.000 m. 
6,500 ft. 

6.000 in. 
20,000 ft. 


7. 

8 . 


I 


0 . 

10 . 


* Above ground. 


Genus 

Cirrus 

Cirrocuinulus 

Cirrostratus 

Altocumulus 

A Host rat us 

Stratocuinulus 

Stratus 

Nimbostratus 

Cumulus 

Cumulonimbus 


Abbre- 

Form viation 

Sheets of 

Cl 

CC 

fdaments 
or scales 

Continu- 
ous sheet 
Heap cloud 

CS 


fdanient 

sheets 

AC 

Continu- 
ous sheet 
Heap doud 

AS 


filament 

sheet 

SC 

Continu- 

ST 

ous sheet 

NS 

Heap 

cu 

clouds 

CB 


The United States Weather Bureau in 1938 adopted the interna- 
tional system of classification and issued a circular to their ob- 
servers entitled Codes for Cloud Forms and States of the Sky, This 
circular was intended for observers who report clouds in synoptic 
telegraphic mi^ssages in the International Numeral Weather 
Code.®* 

Clouds could also be classified according to the method of for- 
mation. Clouds formed by cooling due to gradual upslope motion 
and expansion of air along fronts might be classed as frontal clouds. 
Clouds formed by cooling due to expansion of air in strong, rising 
currents might be classed as one type of air mass cloud. This 
method of classification is, however, not suitable for universal 
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observations, as it would require the observer to have a knowledge 
of the physical processes that were taking plac^e in the atmosphen^. 

Clouds may appear in the following forms: (a) isolated, heap 
clouds with vertical development during their formation and a 
spreading out when they are dissolving; (6) sheet clouds, which 
are divided into filaments, scales, or rounded masses, and which 
are stable or in the process of disintegration ; (c) more or less con- 
tinuous cloud sheets, often in the process of formation or 
growth. 

The international system classified clouds in four families and 
ten genera. The table on page 23 gives the mean heights above the 
general ground level of the cloud, applicable to middle latitudes. 


High Clouds 

Cirrus 

Cirrus clouds arc defined as detached clouds of delicate and 
fibrous appearance, without shading, generally white, often of a 
silky appearance. 

Cirrus appears in the most varied forms: isolated tufts, lines 
drawn across a blue sky, branching featherlike plumes, cairved 
lines ending in tufts, etc.; they are often arranged in bands which 
cross the sky like meridian lines, and which, owing to the effect of 
perspective, converge to a point on the horizon, or to two opposite 
points (cirrostratus and cirrocumulus often take part in the forma- 
tion of these bands). 

Cirrus clouds are always composed of ice crystals, and tlunr 
transparent character depends upon the degree of separation of the 
crystals. 

As a rule when these (douds cross the sun\s disk they hardly 
diminish its brightness. But when they are exceptionally thick 
they may veil its light and obliterate its contour. This would 
also be true of patches of altostratus, but cirrus is distinguished 
by the dazzling and silky whiteness of its edges. 

Halos are rather rare in cirrus. 

Sometimes isolated wisps of snow seen against the blue sky 
resemble cirrus; they are of a less pure white and less silky than 
cirrus; wisps of rain are definitely gray, and a rainbow, should 
one be visible, shows their nature at once, for a rainbow cannot 
be produced in cirrus. 
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Before sunrise and after sunset, cirrus is often colored bright 
yellow or red. Thcisc clouds are lit up long before other clouds 
and fade out mu(*h later; vsome time after sunset they become gray. 
At all hours of the day cirrus near the horizon is often yellowish; 
this color is due to distance and to the great thickness of air trav- 
ersed by the rays of light. 

Cirrus, being in general more or less in(*lined to the horizontal, 
tends less than other clouds to become parallel to the horizon, 
under the effect of perspective, as the horizon is approached; 
often, on the contrary, it seems to converge to a point on the 
horizon. 

Among the principal species one may note: 

CiURUS FiLOSiTS. ]\Iore or less straight or irregularly curved 
filaments (neither tufts nor little hooks and without any of the 
parts being fused together). 

C'lRiius UNciNUS. Cirrus in the shape of a comma; the upper 
part either ends in a little tuft or is pointed. 

Cirrus densus. Cirrus clouds with such thickness that with- 
out care an observer might mistake them for middle or low 
clouds. 

Cirrus nothus. Cirrus proceeding from a cumulonimbus and 
composed of the debris of the upper frozen parts of these clouds. 

Ordinary cirrus may appear in many very different varieties. 
One may particularly note the forms floccus and vertebratus which 
are really aspects of the varieties cumuliformis and undulatus 
radiatus, respectively. 

CirrocAimulus 

Cirrocumulus clouds are defined as a cirriform layer or patch 
composed of small white flakes or of very small globular masses, 
usually without shadows, which are ari-anged in groups or lines, 
or more often in ripples resembling those of the sand on the sea- 
shore. 

In general, cirrocumulus represents a degraded state of cirrus 
and cirrostratus, both of which may change into it. In this event 
the changing patches often retain some fibrous structure in places. 

Real cirrocumulus is uncommon. It must not be confused with 
small altocumulus on the edges of altocumulus sheets. There are, 
in fact, all states of transition between cirrocumulus and alto- 
cumulus proper, as is only to be expected since the process of for- 
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mation is the same. In the absence of any other criterion the 
term cirrocumulus should only be used when: 

1. There is evident connection with cirrus or cirrostratus. 

2. The cloud observed results from a change in cirrus or cirro- 
stratus. 

3. The cloud observed shows some of the characteristics 
of ice crystal clouds which will be found enumerated under 
cirrus. 

Clear rifts are often seen in a sheet of cirrocumulus. 

Cirrostratus 

Cirrostratus clouds are defined as a thin whitish veil which does 
not blur the outlines of the sun or moon but usually gives rise to 
halos. Sometimes it is quite diffuse and rnen^ly gives the sky a 
milky look; sometimes it more or less distinctly shows a fibrous 
structure with disordered filaments. 

A sheet of cirrostratus which is very extensive, though in places 
it may be interrupted by rifts, nearly always ends by covering the 
whole sky. The border of the sheet may be straight edged and 
clear cut, but more often it is ragged or cut up. 

During the day, when the sun is sufBciently high above the 
horizon, the sheet is never thick enough to prevent shadows of 
objects on the ground. 

A milky veil of fog (or thin stratus) is distinguished from a veil 
of cirrostratus of a similar appearance by the halo phenomena 
which the sun or the moon nearly always produces in a layer of 
cirrostratus. 

The following are the principal halo phenomena: A circle of 22° 
radius around the sun or moon — roughly, the angle subtended 
by the hand placed at right angles to the arm when the arm is 
extended; this halo is sometimes, but rarely, accompanied by one 
of 46° radius. Parhelia, paraselenae (mock suns or mock moons), 
luminous patches, often showing prismatic (colors, a little over 
22° from the sun or moon and at the same elevation. A luminous 
column, e.g., sun pillar, extending vertically above and below the 
luminary. 

Often only small fragments of these appearances are visible but 
they are none the less characteristic of high clouds. 

What has been said above of the transparent character and 
colors of cirrus is true to a great extent of cirrostratus. 
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Cirrostratus has two principal aspects which correspond to the 
two following species: 

Cirrostratus nkbulosus. A uniform nebulous veil, sometimes 
very thin and hardly visible, sometimes relatively dense, but 
always without definite details and usually with halo phenomena, 

Cirrostratus filosus. A white fibrous veil, where the strands 
are more or levss definite, often resembling a vsheet of cirrus densus 
from which indeed it may originate. 

AIiddle Clouds 


Altocumulus 

Altocumulus clouds are defined as a layer (or patches) composed 
of laminae or rather flattened globular masses, the smallest ele- 
ments of the regularly arranged layer being fairly small and thin, 
with or without shading. These elements are arranged in groups, 
in lines, or waves, following one or two directions, and are some- 
times so close together that their edges join. 

The thin and translucent edges of the elements often show 
irisations which are rather characteristic of this class of cloud. 

From the definition it follows that altocumulus comprises the 
subgenera: 

Altocumulus transluctdus. Altocumulus formed of ele- 
ments whose color — from dazzling white to dark gray — and whose 
thickness vary much from one example to another, or even in the 
same layer; the elements are more or less regularly arranged and 
distinct. In the definition of the elements it is the variation in the 
transparency of the layer, variable from one point to another, that 
plays the essential part. There appears in the interstices either 
the blue of the sky, or at least a marked lightening of the layer of 
cloud due to a thinning out. 

Altocumultts opacus. An altocumulus sheet which is con- 
tinuous, at least over the greater part of the layer, and consisting 
of dark and more or less irregular elements, in the definition of 
which transparency does not play a great part, owing to the thick- 
ness and density of the layer; but the elements show a real relief 
on the lower surface of the cloud sheet. 

The limits within which altocumulus is met are very wide. 

At the greatest heights, altocumulus made up of small elements 
resembles cirrocumulus; altocumulus, however, is distinguished 
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by not possessing any of the following characters of cirrocumulus: 

1. Connection with cirrus or cirrostratus. 

2. An evolution from cirrus or cirrostratus. 

3. Properties due to physical structure (ice crystals) enumerated 
under cirrus. 

At lower levels, where altocumulus may be derived from a 
spreading out of the tops of cumulus clouds, it may easily be mis- 
taken for stratocumulus; the c.onvention is that the cloud is alto- 
cumulus if the smallest, well-defined, and regularly arranged ele- 
ments which are observed in the layer (leaving out the detached 
elements generally seen on the edges) are not greater than 10 solar 
diameters in their smallest diameters, i.c., approximately the 
width of three fingers when the arm is held extended. 

When the edge or a thin semitransparent patch of altocumulus 
passes in front of the sun or moon a corona appears close up to 
(within a few degrees of) them. This corona is a colored ring with 
red outside and blue inside; the colors may be repeated more than 
once. This phenomenon is infrequent with cirrocumulus, and 
only the higher forms of stratocumulus show it. 

Irisation, mentioned above, is a phenomenon of the same type 
as the corona; it is characteristic of altocumulus as distinguished 
from cirrocumulus or stratocumulus. 

Altocumulus clouds often appear at different levels at one and 
the same time. Often, too, they are associated with other types 
of cloud. 

The atmosphere is often hazy just below altocumulus clouds. 

When the elements of a sheet of altocumulus fuse together and 
make a continuous layer altostratus or nimbostratus is the result. 
On the other hand a sheet of altostratus can change into alto- 
cumulus. It may happen that these two aspects of a cloud sheet 
may alternate with each other during the whole course of a day. 
It is also not rare to have a layer of altocumulus coexisting with a 
veil resembling altostratus at a height very little less than the 
altocumulus. 

It is interesting to note that one may often observe filiform 
descending trails to which the name virga has been given. 

Among the principal species one may note: 

Altocumulus cumulogenitus. This is an altocumulus cloud 
formed by the spreading out of the tops of cumulus, the lower 
parts of the cumulus clouds having melted away; the layer in the 
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first stages of its growth has the appearance of altocumulus 
opacus. 

An important variety of altocumulus should be noted, namely, 
altocumulus cumuliformis, which has two different aspects: 

Altocumulus floccus. Tufts resembling small cumulus clouds 
without a base and more or less ragged. 

Altocumulus castellatus. Cumuliform masses with more 
or less vertical development, arranged in a line, and resting on a 
common horizontal base, which gives the cloud a crenelated 
appearance. 

The caps or hoods which form above a cumulus by the uplift 
of a damp layer, and which may be pierced by the tops of the 
cumulus, are considered a detail of cumulus and denoted by the 
term pileus attached to the name cumulus; but in reality they are 
aberrant forms of altocumulus translucidus. Moreover, the for- 
mation of similar clouds, independent of cumulus, can be effected 
by a current of air rising over a mountain or any obstacle. They 
are then named altocumulus, and they are classed, on account of 
their form, with the variety lenticularis. 

Altosiraius 

Altostratus clouds are defined as a striated or fibrous veil, more 
or less gray or bluish. This cloud is like thick cirrostratus but 
without halo phenomena; the sun or moon shows vaguely, with a 
faint gleam, as though through ground glass. Sometimes the 
sheet is thin, with forms intermediate with cirrostratus. Some- 
times it is very thick and dark, sometimes even completely hiding 
the sun or moon. In this event differences of thickness may cause 
relatively light patches between very dark parts; but the surface 
never shows real relief, and the striated or fibrous structure is 
always seen in places in the body of the cloud. 

Every form is observed between high altostratus and cirro- 
stratus on the one hand, and low altostratus and nimbostratus on 
the other. 

Rain or snow may fall from altostratus (altostratus precipi- 
tans), but when the rain is heavy the cloud layer will have grown 
thicker and lower, becoming nimbostratus; but heavy snow may 
fall from a layer that is definitely altostratus. 

From the definition of altostratus it follows that there are three 
subgenera: 
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Altostratus translucidus. a sheet of altostratus resembling 
thick cirrostratus; the sun and the moon show as through ground 
glass. 

Altostratus opacus. An opaque layer of altostratus of vari- 
able thickness which may entirely hide the sun, at any rate, in 
parts, but shows a fibrous structure in some parts. 

Altostratus precipitans. A layer of opaque altostratus 
which has not yet lost its fibrous character, and from which there 
are light falls of rain or snow, either continuous or intermittent. 
This precipitation may not reach the ground, in which case it 
forms virgae. 

The limits between which altostratus may be met with are fairly 
wide (about 5,000 to 2,000 meters). 

A sheet of high altostratus is distinguished from a rather similar 
sheet of cirrostratus by the circumstanc^e that halo phenomena 
are not seen in altostratus, nor are the shadows of objects on the 
ground visible. 

A sheet of low altostratus may be distinguished from a some- 
what similar sheet of nimbostratus by the following characteristics. 
Nimbostratus is of a much darker and more uniform gray, and 
shows nowhere any whitish gleam or fibrous structure; one cannot 
definitely see the limit of its undersurface, which has a wet look, 
due to the rain (or snow), which may not reach the ground. 

The convention is that nimbostratus always hides the sun and 
moon in every part of it, whereas altostratus hides them only in 
places behind its darker portions, but thi)y reappear through the 
lighter parts. 

Careful observation may often detect virgae hanging from alto- 
stratus, and these may even reach the ground, causing slight pre- 
cipitation. If the sheet still has the character of altostratus it 
will then be called altostratus precipitans, but if not it has become 
nimbostratus. 

A sheet of altostratus, even if it has rifts in places, has a general 
fibrous (or ground-glass) character. A cloud layer, even a con- 
tinuous one, which has no fibrous structure, and in which rounded 
cloud masses may be seen, is classed as altocumulus or strato- 
cumulus according to circumstances. 

Altostratus may result from a transformation of a sheet of alto- 
cumulus, and on the other hand altostratus may often break up 
into altocumulus. 
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Stratocumulus 

Stratocumulus clouds are dcjfined as a layer (or patches) com- 
posed of laminae, globular masses or rolls; the smallest of the 
regularly arrang(id elements are fairly large; they are soft and 
gray, with darker parts. 

These elements are arranged in groups, in lines, or in waves, 
alined in one or in two directions. Very often the rolls are so close 
that their edges join; when they cover the whole sky they have a 
wavy appearance. 

From the definition it follows that stratocumulus comprises 
two kinds: 

Stratocumulus translucidus. A not very thick layer; in the 
interstices between its elements either the blue sky appears, or 
at any rate there are much lighter parts of the cloud sheet, which 
here is thinned out on its upper surface. 

Stratocumulus ofacus. A very thick layer made up of a con- 
tinuous sheet of large dark rolls or rounded masses; their shape is 
seen not by a difference in transparency, but they stand out in 
real relief from the under surface of the cloud layer. 

There are transitional forms between stratocumulus and alto- 
cumulus on the one hand and between stratocumulus and stratus 
on the other. 

The difference between stratocumulus and altocumulus is dis- 
cussed under altocumulus. 

It should also be noted that the cloud sheet called altocumulus 
by an observer at a small height might appear as stratocumulus 
to an observer at a greater height. 

It often happens that stratocumulus is not associated with any 
clouds of the second or third families; but it fairly often coexists 
with clouds of the fourth family. 

The elements of thick stratocumulus (stratocumulus opacus) 
often tend to fuse together completely, and the layer can, in cer- 
tain cases, change into nimbostratus. The cloud is called nimbo- 
stratus when the cloud elements of stratocumulus have completely 
disappeared and when, owing to the trails of falling precipitation, 
the lower surface has no longer a clear-cut boundary. 

Stratocumulus can change into stratus, and vice versa. The 
stratus being lower, the elements appear very large and very soft, 
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so that the structure of regularly arranged globular masses and 
waves disappears as far as the observer can see. The cloud will 
be called stratocumulus as long as the structure remains visible. 

Among the principal specues may be mentioned : 

Stratocumulus vespeualis. This name is given to flat, elon- 
gated clouds which are often seen to form about sunset as the final 
product of the diurnal changes of cumulus. 

Stratocumulus cumulogenitus. Stratocumulus formed by 
the spreading out of the tops of cumulus clouds, which later have 
disappeared; the layer in the early stages of its formation looks 
like stratocumulus opacus. 

The cloud called roll cumulus in England and Germany is desig- 
nated stratocumulus undulatus; its wave system is in one direo 
tion only. It must not be (confused with flat cumulus clouds 
ranged in line. Stratocumulus often has a mammatus (festooned) 
character; that is to say, there is a high relief on the lower surface 
where pendant rounded masses or corrugations are observed, 
which at times look as though they would become detac^hed from 
the cloud. Care must be taken not to confuse this cloud with 
some kinds of altostratus opacus whose under surface may appear 
to be slightly corrugated or mammillated; altostratus opacus is 
distinguished by its fibrous structure. 

Stratus 

Stratus clouds are defined as a low uniform layer of cloud, resem- 
bling fog, but not resting on the ground. 

Fractostratus. When this very low layer is broken up into 
irregular shreds it is designated fractostratus. 

A veil of true stratus generally gives the sky a hazy appearance 
which is very characteristic, but which sometimes may cause con- 
fusion with nimbostratus. When there is precipitation the dif- 
ference is manifest; nimbostratus gives continuous rain (sometimes 
snow), precipitation composed of drops which may be small and 
sparse, or else large (at least some of them) and close together, 
whereas stratus only gives a drizzle, that is to say, small drops 
very close together. Precipitation falling from upper clouds may, 
however, fall through a layer of stratus under frontal conditions. 

When there is no precipitation a dark and uniform layer of 
stratus can easily be mistaken for nimbostratus. The lower sur- 
face of nimbostratus, however, always has a wet appearance 
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(widespread trailing precipitation, ‘Virga^Oj is quite uniform, 
and definite details cannot be made out; stratus, on the other 
hand, has a drier appearance, and however uniform it may be it 
shows some contrasts and some lighter transparent parts, that is, 
places less dark where the cloud is thinner, corresponding to the 
interstices between the rolls and globular masses of stratocumulus, 
but (considerably larger, while nimbostratus seems only to be feebly 
illuminated, as though lit up from within. 

Stratus is often a local cloud, and when it breaks up the blue 
sky is seen. 

Fractostratus sometimes originates from the breaking up of a 
layer oi stratus; sometimes it forms independently and develops 
until it forms a layer below altostratus or nimbostratus, the nimbo- 
stratus sometimes being visible through the interstices. 

A layer of fractostratus may be distinguished from nimbostratus 
by its darker appearance and by being broken up into cloud 
elements. If these elements have a cumuliform appearance 
in places the cloud layer is called fractocumulus and not 
fractostratus. 

Nimbostratus 

Nimbostratus clouds are defined as a low, amorphous, and rainy 
layer, of a dark gray color, usually nearly uniform; feebly illu- 
minated, seemingly from inside. When it gives precipitation it is 
in the form of continuous rain or snow. 

But precipitation alone is not a sufficient criterion to distinguish 
the cloud which should be called nimbostratus even when no rain 
or snow falls from it. 

There is often precipitation which does not reach the ground; 
then the base of the cloud is usually diffuse and looks wet on 
account of the general trailing precipitation, virga, so that it is not 
possible to determine the limit of its lower surface. 

The usual evolution is as follows: A layer of altostratus grows 
thicker and lower until it becomes a layer of nimbostratus. Be- 
neath this layer there is generally a progressive development of 
very low ragged clouds, isolated at first, then fusing together into 
an almost continuous layer, through the interstices of which the 
nimbostratus can generally be seen. These very low clouds are 
called fractocumulus or fractostratus according as they appear 
cumuliform or stratiform. 
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Generally the rain falls only after the formation of these very 
low clouds, which are then hidden by the precipitation or may 
even melt away under its action. The vertical visibility then 
becomes very bad. 

Under certain conditions the precipitation may precede the for- 
mation of fractocumulus or fractostratus, or it may happen that 
these clouds do not form at all. 

Rather rarely a sheet of nimbostratus may form by an evolution 
from a stratocumulus. 

Clouds with Vertical Development 


Cumulus 

Cumulus clouds are defined as dense clouds with vertical de- 
velopment; the upper surface is dome shaped and exhibits rounded 
protuberances, while the base is nearly horizontal. 

When the cloud is opposite the sun the surfaces normal to the 
observer are brighter than the edges of the protuberances. When 
the light comes from the side, the clouds exhibit strong contrasts 
of light and shade; against the sun, on the other hand, they look 
dark with a bright edge. 

Fractocumulus. True cumulus is definitely limited above 
and below; its surface often appears hard and clear cut. But on(^ 
may also observe a cloud resembling ragged cumulus in whi(?h the 
different parts show constant change. This cloud is designated 
fractocumulus. 

Typical cumulus, over land areas, develops on days of clear 
skies and is due to the currents of diurnal convection; it appears 
in the morning, grows, and then more or less dissolves again toward 
the evening. 

Cumulus, whose base is generally of a gray color, has a uniform 
structure; that is to say, it is composed of rounded parts right up 
to its summit, with no fibrous structure. Even when highly 
developed, cumulus can produce only light precipitation. 

Cumulus, when it reaches the altocumulus level, is sometimes 
capped with a light, diffuse, and white veil of more or less lenticu- 
lar shape, with a delicate striated or flaky structure on its edges; 
it is generally shaped like a bow which may cover several domes 
of the cumulus and finally be pierced by them. This cloud, which 
does not constitute a species, is given the name pileus, a cap or 
hood. 
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The clouds which form below altostratus or nimbostratus and 
which can develop into a complete layer, through whose inter- 
stices the altostratus or nimbostratus is generally seen, are usu- 
ally fra(‘tostratus; but if they have a cumuliform appearance they 
should be classed as fractocumulus. They rarely have this appear- 
ance during or soon after rain; on the other hand it is frequent at 
the beginning of the formation of the low cloud and when it breaks 
up. 

Among the principal species one may note: 

Cumulus humilis. Cumulus with little vertical development, 
and seemingly flattened. These clouds are generally seen in fine 
weather. 

Cumulus congkstus. Very distended and sprouting cumulus, 
whose domes have a cauliflower appearance. 

Cumulonimhus 

Cumulonimbus clouds are defined as heavy masses of cloud, 
with great vertical development, whose cumuliform summits rise 
in the form of mountains or towers, th(^ upper parts having a 
fibrous texture and ofhm spreading out in th(i shape of an anvil. 

The base rescunbles nimbostratus, and one generally notices 
virga. This base has often a layer of very low ragged clouds below 
it (fractostratus, fractocumulus). 

Cumulonimbus clouds generally produc’e showers of rain or 
snow and sometimes of hail, and often thunderstorms as well. 

If the whole of the cloud cannot be seen the fall of a real shower 
is enough to characterizes the cloud as a cumulonimbus. 

Even if a cumulonimbus were not distinguished by its shape 
from a strongly developed cumulus its essential character is evi- 
dent in the difference of structure of its upper parts, when they 
are visible (fibrous structure and cumuliform structure). Masses 
of cumulus, however heavy they may be, and however great their 
vertical development, should never be classed as cumulonimbus 
unless the whole or a part of their tops is transformed or is in 
process of transformation into a cirrus mass. 

Although the upper cirriform parts of a cumulonimbus may 
take on very varied shapes, sometimes they spread out into the 
form of an anvil. To this interesting feature the name incus is 
given. 

In certain types of cumulonimbus, which are especially common 
in spring in moderately high latitudes, the fibrous structure ex- 
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tends to nearly the whole cloud mass, so that the cumuliform 
parts almost wholly disappear; the cloud is reduced to a mass of 
cirrus and of virga. 

The veil cloud pileus is seen with cumulonimbus clouds as with 
cumulus. 

When a cumulonimbus covers nearly all the sky the base alone 
is visible and resembles nimbostratus, with or without fracto- 
stratus or fractocumulus below. The difference between the base 
of a cumulonimbus and a nimbostratus is often rather difficult to 
make out. If the cloud mass does not cover all the sky, and if 
even small portions of the upper parts of the cumulonimbus appear, 
the difference is evident. If not it can be made out only if the 
preceding evolution of the clouds has been followed, or if precipi- 
tation occurs; the precipitation of a cumulonimbus is violent and 
intermittent (showers) as opposed to the relatively gentle and con- 
tinuous precipitation of a nimbostratus. 

The front of a thunder cloud of great extent is sometimes accom- 
panied by a roll cloud of a dark (^olor in the shape of an arch, of a 
frayed-out appearance, and circumscribing a part of the sky of a 
lighter gray. This cloud is named anajs and is nothing more or 
less than a particular example of fractocaimulus or fractostratus. 

Fairly often a mammatus structure appears in cumulonimbus, 
either at the base, or on the lower surface of the lateral parts of 
the anvil. 

When a layer of menacing cloud covers the sky and both virga 
and mammatus structure are seen it is a sure sign that the cloud 
is the base of a cumulonimbus, even in the absence of all other signs. 

C'umulonimbus is a real factory of clouds; it is responsible in 
great measure for the clouds in the rear of disturbances. By the 
spreading out of the high parts and the melting away of the under- 
lying parts, cumulonimbus can produce thicjk sheets of altocumulus 
or stratocumulus (spreading out of the cumuliform parts) and 
dense cirrus (spreading out of the cirriform parts). 

Among the principal species may be noted: 

Cumulonimbus calvus. Cumulonimbus characterized by the 
thunderstorm or the shower that it causes, or by virga, but in 
which no cirriform parts can be made out. Nevertheless the freez- 
ing of the upper parts has already begun; the tops are beginning 
to lose their cumulus structure, that is, their rounded outlines and 
clear-cut contours; the hard and ^‘cauliflower’^ swellings soon 
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become confused and melt away so that nothing can be seen in 
the white mass but more or less vertical fibers. The freezing, 
accompanied by the change into a fibrous structure, often goes on 
very rapidly. 

Cumulonimbus capillatus. Cumulonimbus which displays dis- 
tinct cirriform parts, having sometimes, but not always, the shape 
of an anvil. 

Principal Varietiks of Clouds 

The chief varieties common to different genera are as follows: 

Fumulus 

At all levels, from cirrus to stratus, a very thin veil may form, 
so delicate that it may be almost invisible. These veils seem to 
b(i most frequent on hot days and in low latitudes. Occasionally 
they may be observed to thicken rapidly, forming clouds easily 
visible, especially cirrus and cumulus. The clouds thus produced 
seem unstable, however, and usually melt away soon after their 
formation. 

Cirrus fumulus must not be confused with cirrostratus nebu- 
losus, which is much more stable and does not show the phenom- 
enon of the formation and subsequent rapid disappearance of 
cirrus clouds. 

Lenticularis 

Clouds of an ovoid shape, with clean-cut edges, and sometimes 
irisations, especially common on days of strong, dry winds in rough 
country. This form exists at all levels from cirrostratus to stratus. 

Cumuliformis 

The rounded form resembling cumulus whi(*h the upper parts 
of other clouds may sometimes assume. This may be seen at all 
levels from cirrus to stratus. 

Mammatus 

This description is given to all clouds whose lower surfaces form 
pouches. This form is found especially in stratocumulus and in 
cumulonimbus, either at the base, or even more often on the lower 
surface of anvil projections. It is also found, though rarely, in 
cirrus clouds, probably when they have originated in the anvil of a 
dispersing cumulonimbus. 
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Undidatus 

This term is up|)li(Hi to clouds compos(^d of elonj»;atcd and paralh'l 
(‘lernents, lik(' waves of thc^ sea. There is sometimes an a-pi)eai-- 
anee of two distiiu't systems, as when the cloud is divided into 
rounded masses by undulations in two directions. 

Radiatus 

This term is applied to clouds in parallc'l bands (polai* baiuls), 
wliich owin^' to j)ei‘spective seem to conv(*rg(^ to a point on the 
horizon, or to two o[)posite points if tlu' bands cross the whole sky. 
The [)oint is called the radiant or vanishinji; point. 

Chief Casucd Details 

The chief casual \'arieties are the following: 


ViUGA. Wisps or falling trails of pr(‘cij)itation ; ai)pli(Hl ])rin(T 
pally to altocumulus and altostratus. 



r..S. II p/mtinjiii fth //. T. I'lonrii. 

7. (’uniiiliis of Hii(‘ woallu'r. 


PiLKUS. A caj) or hood; applied piincipally to cumulus or 
cumulonimbus. 

Incus. Anvil; upper part of cumulonimbus. 

Ahcus, Arch cloud; usually asvsociated with cumulonimbus. 
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U.S.W.B. phoUxjraph bp P. A. Miller at Washington, D. C. 

Fig. 9. Cumulonimbus. 
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I '..S’. It’./)', jiholoijrn jth. 

Fkj. 10. Stralocuniulu.s formed l)y .sjm'adinji; out of eumuliis. 



U.S.W.B. photograph. 


Fia. 11. Layer of jstratocumulus. 



U.S. \WB, photoiirdph. 


Fig. 12. leaver of stratus. 



U.S.W.B. photograph. 

Fig. 13. Low, ragged, dark gray clouds of bad weather. 
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U.S.W.B. phofo(jr(iph by C. E. Dtpycrmann, 

Fig. 15. Heavy ciunulus ur ciiinulonimbus and slralocuinulus. 



V.S.W.B. photograph. 


Fig. 17. Typical thin altostratus. 
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l '..S. W’.H. jiholonraph. 

20. Altocumulus iu small isolated patches moi(‘ or h'ss hMiticular in 

sliap(‘. 


r.S.W.li. photoijniph by Willard S. Wood. 

Tiu, 21. Allociiiuulus arraiig(‘d in parallel bands spreading over the sky. 
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U.S.WM. photograph. 

Fig. 22. Altocumulus formed by ,spre«‘uiing out of (he to])s of cumulus. 




U. S. W. li. phototjra ph. 

J*'iG. 25. Allociimulus at (liff(‘r('nt l(‘V(‘ls. 



U.S.WM. photouraph by II. T. Floreen. 

Fig. 20. Dolicalf cirrus not forming a continuous layer. 

48 



ZLS.W.R. photograph hy Pan American Airways. 

Fig. 27. D(‘ns(‘ ( irrus (l(‘riv(‘(l from an anvil. 



U.S.W.B. photograph hy F. Ellerman. 

Fig. 28. Delicate cirrus in the form of hooks encliiig in a little claw or up- 

turnixl end. 

4 ^ 







IF./i. phoioyraph. 

32. Cirrostralu-s not incrcMsing in uinuiml, iiiid not covering nil the sky, 
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. ' ' ; .r,t .. ni 

U.S. U .li. phoioijraph. 

]'iG. 33. ( 'irrocuiiiulus predonunating associated with the cirrus mass. 


Aspect of tiif Sky 

Before eon.sideiiii^' methods of d(dermiriinj^ the propoi’tion of 
the sky eoven'd by (douds, it is nec(^ssary to discuss something of 
the apparent shai)e of the sky.- ddu' shape' of the sky lias l)een 


Fig. 34. 



PersiK'clivc' (*ffects with sca(4(‘r(‘d cumulus clouds (after 11 umphnys). 


dt'seribed as a great dome; when coveu'ed by high clouds, it appears 
to be low and flat. To the observer, the clouds direedly overhead 
at the zenith position may spread out in all directions to vanish 
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from sight on the circular rim of the horizon. Narrow bands of 
clouds in a blue sky may stretch from one horizon up over the dome 
and down to the other horizon. Although the bands of clouds 
may be parallel, they will appear to converge at the horizons. 
This is due to perspective, which is easily illustrated by the con- 
verging rails as one looks down a long, straight railroad track. 

Another effect due to perspective, when scattered cumulus 
clouds are observed against the sky, is the appearance of complete 
cloud cover at a distance and s(;attered clouds with blue sky areas 
nearly overhead. The more distant clouds may also appear to be 
lower, although the bases of all are at the same height. 

Amount of Clouds (Skv Cover) 

Definition 

The proportion of the sky covered by clouds is based upon a 
scale from 0 to 10 and is given in tenths. A sky completely filled 
with clouds, with no blue sky visible, is said to have cloud 

cover. With clouds, the sky is overcast. The United States 

Weather Bureau has adopted the following terminology for use in 
airway weather reports: 

Clear When there are no clouds present, or less than Ho of the sky is 
covered by clouds. 

Scattered When from Ifo to ?io's, inclusive, of the sky is covered by clouds. 

Broken When mor(» than ol the sky but not more than ^io’s of the 
sky is covered by clouds. 

Overcast When more than ?io’s of the sky is covered by clouds. 

The total amount of cloud cover is obtained by viewing the sky 
and projecting the clouds against the dome of the sky. This pro- 
jected amount of clouds compared to blue sky visible, or, at night, 
star-filled clear areas, represents the sky cover. The sum of the 
number of tenths of cloud cover plus the sum of the number of 
tenths of open sky should always equal 

Method of Estimating Sky Cover 

In estimating the sky cover, the sky dome may be mentally 
divided into quadrants by means of diameters at right angles to 
each other. The number of tenths of each quadrant may be esti- 
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mated separately, and the mean of the four values may then be 
taken as the total sky cover. Selection of quadrants may be based 
upon the distribution of clouds in the sky so that each area may 
be easily estimated. It is recognized that broken cumulus clouds 
will give an appearance of running tog(ither at a distance because 
of viewing the sides as well as the bases. The rule of projection 
against the dome of the sky should, however, still be used. 

When a number of layers of clouds are present, eacli layc^r should 
be projected against the sky separately. Frequently the upper 
layer must be observed through breaks in a lower layer. Under 
these conditions it is necessary to spend sufficient time watching 
the upper layer through the moving clear spa(*.es between the 
lower clouds to determine the number of tenths (covered. It is 
possible to determine that a higher overcast exists above a layer 
that covers as much as or of the sky. For example, 
we may observe AS above Ko's 

If the sky is being watched carefully, an observer may be able 
to see a lower deck of clouds move in or actually form below an 
upper deck. During and immediately following frontal passages, 
clouds may appear in many levels, and the whole appearance of 
the sky is chaotic. If in this event the cloud masses do not cover 
sufficient area in themselves to be accurately estimated, they may 
be grouped together to determine the total sky cover and may be 
described as numerous layers. 

Observation of cloud layers may be simplified by studying the 
cloud motions, as it is rare to have clouds at all levels moving at 
the same speed and in the same direction. 

Cloud IIkight 


Definition 

Cloud height is the distance from the ground to the base of the 
cloud. The United States Weather Bureau has used the term 
ceiling to define a value which involves a number of layers of clouds. 
It may be defined as follows: Ceiling is the height above ground 
of the lowest clouds reported as broken or overcast. In other 
words, ceiling is the lowest height above the ground at which all 
cloud layers at and l)elow that level cover more than half of the 
sky. The Weather Bureau defines unlimited ceiling as: (1) no 
broken or overcast layer is reported; or (2) the base of the lowest 
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triiirij»;iihiii()n, riin^o fin(l(‘i*s, pilot balloons, inb'rsoctions with hills 
or towers, and estimating by application of the dew-point 
formula. 

(hULlNG LKUIT IMIOJKCTOH AM) (’LINOMKTKU. Makill^^ CeilillJ^ 
measurements by the ceiling light method requires a point for ob- 
servation, usually near the observatory, and a searchlight located 
5()() feet or 1,000 h'et from the ol)serva,tion point. The pi'ojector 
is usually north of the observer (in the northern hemispliere) to 
avoid interference by moonlight. 

The projector is a small searchliglit which ])roj(M*ts a narrow 
beam of light of less than 3° spread onto the base of the (doud. It 
may be pointcnl V(‘rtically or at an angh' to thc^ V('rtical toward 
the observer. Tl^e^-vcildcal method is us(d in tlu^ UnitcHl States. 
The angular>dtwation ondm light .spot on the cloud base is meas- 
ured by iyfdinonuder or aiv«ii(lade. The clinometer is a sighting 
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tube with cross wires placed at the outer end. A quadrant scale 
graduated in degrees from 0 to 90 is mounted on the side. A 
weighted pendant, which hangs vertically when free, slides along 
the arc of the quadrant scale. When the clinometer is pointed up 
to the spot the observer may clamp the pendant to the scale by 
means of a clutch head screw. The angle above the horizontal 
may then be read on the scale. The method of computation is by 
simple triangle as shown in Fig. 35 or 

Height = Base line X tan d 

If the base of the cloud is uneven or if it gradually thins out near 
the base, the spot may not be clearly reflected. With thin clouds 
there may be considerable penetration by the light beam before 
it is lost. The point of first entry, or low spot, is usually taken as 
the cloud base. When the base of the cloud is ragged, hanging 
cloud masses may interfere with the line of sight and it may be 
necessary to watch the cloud until a clearly defined spot is ob- 
served. Also, it may be desirable to average the high and low 
angles to obtain a representative figure for the cloud base height. 
Under these conditions further description of the character of the 
cloud base may be given. 

The accuracy of measurement by ceiling light projector methods 
depends upon the length of base line, the accuracy of reading the 
clinometer, and the evenness of the base of the (doud. Using a 
500-foot base line and with a clinometer reading which is uncertain 
to 2"^ for a cloud height of 1,800 feet, the error would be 230 feet; 
for a 1,500-foot base line the error would be 130 feet. 

With projectors used by the United States Weather Bureau 
cloud heights may be obtained under ideal conditions up to 15,000 
feet. The errors of measurement become large, however, at the 
higher elevations. With a 1,000-foot base line an error of 1° in 
reading the clinometer will give an error of about 2,000 feet at 
10,000 feet, and an error of over 3,000 feet at 15,000 feet 
elevation. 

The ceilometkr. A new dtwice now being installed at Weather 
Bureau airport stations for cloud-height measurement is the ceilom- 
eter. The principle is identical to that of the ceiling light projec- 
tor and clinometer except that a light modulated to a known 
frequency is projected onto the base of the cloud. Instead of the 
clinometer, a receiver uses a photoelectric tube as the seeing eye. 
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The photoelectric element is mounted in a reflector behind the 
diaphragm at the focal point. The receiver is mounted so that 
it may be rotated in a vertical plane and the angle from the hori- 
zontal read on an arc similar to the clinometer. Because of the 
modulated light, a selective electronic unit reacts to any light, 
direct or reflected, which the projector sends up. In this way the 
ceilometer may be used in the daytime as well as at night. The 
accuracy of measurements by this unit is of the same order as the 
ceiling light method. Cloud heights to 10,000 feet may be meas- 
ured during the daytime and to 20,000 feet at night. 

Ceiling balloons. Balloons weighing about 10 grams are 
inflated with hydrogen gas to a free lift of 40 grams or with helium 
gas to a free lift of 45 grams. When released, these balloons rise 
at an average rate shown in Table III-l. The balloon is observed, 
and the time from release to entry into the cloud base is noted. 
The height of the cloud base is then the time multiplied by the 
ascensional rate. Cloud heights up to 2,000 or 3,000 feet may 
be measured in this way. The as(‘ensional rate of ceiling balloons 
varies considerably, however, and the results obtained from a 
single measurement are not too reliable. Table lll-l shows the 
variation under ideal cloud conditions with complete overcast. 
When the clouds become scattered or even broken, the vertical 
motions in the lower atrnosjihere make the ascensional rate 
of the balloons very erratic, and this' method should not 
be used. 

The equipment necessary for this work consists of: (1) com- 
pressed hydrogen or helium gas in cylinders, usually containing 
200 cubic feet; (2) hydrogen or helium regulator; (3) Brady free- 
lift device; (4) timepiece, indicating seconds. 

The balloons are usually furnished in two colors, red and purple. 
In general, the darker color is best seen against a dark back- 
ground. 

A specially constructed inflation room is usually located as con- 
veniently as possible to the place of observation. This room 
should contain a rack for helium tanks and a shelf for inflating 
the balloon. The tank is fitted with a shutoff valve and a reducing 
valve, or regulator, having two gages, one registering the amount 
of pressure in the tank and the other the pressure of the gas flow- 
ing into the balloon. A low-pressure valve on the regulator regu- 
lates the flow of gas. A J^-inch rubber tube leads from the regula- 
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tor to a throe-way potcock. A small, 3^8-inoh rubbor tube k^ads to 
tho Brady freo-lift devio(\ (See Fig. 36 . ) 

Tlie Brady d(ivice is placed on a shc^lf large' enough to permit the 
small rublx'r tubing to rest tliei’eon. 

The TK'ck of the balloon is stretched ov('r the inflation nozzle. 
All air is ('xpelkMl by opeming the three'-way |)etcock and rolling 
the balloon to force the^ air out through the petcock. The' iiifia- 
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tion is then begun by slowly turning the^ ix'gulator handle to the 
right until a steady flow is maintaiiUHl. Th(‘ balloons should b(' 
inflated slowly until the d(‘\ ice is just lifteKl from the supporting 
surface. When removing the balloon from the device, the neck 
should be twisted several times and securc'd by soft cotton twine 
or by a circadar band cut from the end of the neck of the 
balloon. 

The inflated balloon should be released from a point fi’er^ fr*om 
obstriKdions, such as hous(^s or tre(\s. Ke(;p the balloon in sight 
during its ascent. The interval of time between the releasing of 
the balloon and its disappearance in the clouds should be accu- 
rately determined. 
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Table III 1 shows the average height of oval and spherical 
(veiling balloons at the end of eac^h half minute of elapsed time. 

TAHLK III-l 


Altitude^ foet 



Oval l)Mll()()n 
(45 i^rams 

Sphe 

ri(;al balloons 


Time^ 

75 j>;rams 

45 grams 

40 grams 

minutes 

free lift)* 

fre(‘ lift * 

fr(‘e lift * 

free lift ^ 

H 

205 

280 

250 

250 

1 

410 

5(i0 

500 

480 

VA 

615 

840 

730 

670 

2 

820 

1,120 

960 

850 

2H 

1 ,005 

1 ,400 

1,190 

1,030 

3 

1,190 

1 ,680 

1 ,420 

1 ,210 

3H 

1,375 

1 ,945 

1 , ()50 

1 ,390 

4 

l,5(i0 

2,210 

1 ,880 

1,570 


1,745 

2,475 

2,090 

1,750 

5 

1 ,930 

2,740 

2,300 

1 .930 


2,115 

3,005 

2,510 

2,110 

(\ 

2,300 

3,270 

2,720 

2,290 


2,485 

3,545 

2,930 

2,470 

7 

2,670 

3,820 

3,140 

2,650 

7H 

2,855 

4 ,095 

3,350 

2,830 

8 

3,040 

4,370 

3,560 

3,010 

sy2 

3,225 

4,645 

3,770 

3,190 

9 

3,410 

4,920 

3,980 

3,370 

93^ 

3,595 

5,195 

4,190 

3,550 

10 

3,780 

5,470 

4,400 

3,730 


^ Inflated with helium. ^ InflatcHi with liydrogen. 


There are many factors, such as the vshape of balloon, free lift, 
turbulence, and cloudiness, which affect the ascensional rates of 
ceiling balloons. Consequently, ceiling heights obtained by such 
means cannot be considered ^^measured” heights. The observer 
must use judgment in accepting the height indicated by balloons 
as the true cloud height. From a number of double theodolite 
observations on ceiling balloons, it has been established that, if a 
large number of balloons were released, the average ascensional 
rate would closely approximate the averages given in Table III-l. 
However, any individual balloon can depart from the average 
values by a considerable amount, as shown in Tables III-3 



TABLE III-2 


ling-Heighl Table for the Two Types of Ceiling Balloons in General Use, 
Based on Average Ascensional Rates as Shown in Table 1 1 1-l 


Range in Time 

Report- » 


able 

Oval balloon 

Spheric 

!al balloon 

Height, 

(45 grams free lift) 

(75 grams free lift) 

feet 

From 

To 

From 

To 

0 

0' O'' 

0' 7" 

0' 0" 

0' 5" 

100 

0' 8" 

0'21" 

0' 6" 

0' 15" 

200 

0' 22" 

0' 36" 

0' 16" 

0' 26" 

300 

0' 37" 

0'51" 

0' 27" 

0' 37" 

400 

0' 52" 

1' 6" 

0' 38" 

0' 48" 

500 

V 7" 

1'20" 

0' 49" 

0' 58" 

600 

r 21" 

1' 35" 

0' 59" 

1' 9" 

700 

1'36" 

1' 49" 

1' 10" 

1' 20" 

800 

1'50" 

2' 5" 

1'21" 

1'31" 

900 

2' 6" 

2' 21" 

1'32" 

1'41" 

1,000 

2' 22" 

2' 37" 

1' 42" 

1'52" 

1,100 

2' 38" 

2' 53" 

1' 53" 

2' 3" 

1,200 

2' 54" 

3' 10" 

2' 4" 

2' 14" 

1,300 

3' 11" 

3' 26" 

2' 15" 

2' 24" 

1,400 

3' 27" 

3' 42" 

2' 25" 

2' 35" 

1,500 

3' 43" 

3' 58" 

2' 36" 

2' 46" 

1,600 

3' 59" 

4' 15" 

2' 47" 

2' 57" 

1,700 

4' 16" 

4' 31" 

2' 58" 

3' 8" 

1,800 

4' 32" 

4' 47" 

3' 9" 

3' 19" 

1,<K)0 

4' 48" 

5' 3" 

3' 20" 

3' 30" 

2,000 

5' 4" 

5' 19" 

3' 31" 

3' 42" 

2,100 

5' 20" 

5' 35" 

3' 43" 

3' 53" 

2,200 

5' 36" 

5' 52" 

3' 54" 

4' 4" 

2,300 

5' 53" 

6' 8" 

4' 5" 

4' 15" 

2,400 

6' 9" 

6' 24" 

4' 16" 

4' 27" 

2,500 

6' 25" 

6' 40" 

4' 28" 

4' 38" 

2,600 

6' 41" 

6' 57" 

4' 39" 

4' 49" 

2,700 

6' 58" 

7' 13" 

4' 50" 

5' 0" 

2,800 

7' 14" 

7' 29" 

5' 1" 

5' 12" 

2,900 

7' 30" 

7' 45" 

5' 13" 

5' 23" 

3,000 

7' 46" 

8' 1" 

5' 24" 

5' 34" 

3,100 

8' 2" 

8' 17" 

5' 35" 

5' 46" 

3,200 

8' 18" 

8' 34" 

5' 47" 

5' 57" 

3,300 

8' 35" 

8' 50" 

5' 58" 

6' 8" 

3,400 

8' 51" 

9' 6" 

6' 9" 

6' 19" 

3,500 

9' 7" 

9' 22" 

6' 20" 

6' 30" 

3,P00 

9' 23" 

9' 39" 

6' 31" 

6' 41" 

3,700 

9' 40" 

9' 55" 

6' 42" 

6' 52" 

3,800 

9' 56" 

10' 11" 

6' 53" 

7' 3" 

3,900 

10' 12" 

10' 27" 

7' 4" 

7' 14" 

4,000 

10' 28" 

10' 43" 

7' 15" 

7' 25'^ 
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and III-4. (For notes on estimating cloud height see Chap- 
ter Xlll.) 

TABLE I1I-3 

Percentage of Observations within Specified Departures from Average Altitudes 
Using Oval Balloons with ^5 Grams Free Lift 

Average 
Min- Altitn(l(i, 


uto 

foot 

±100 

±200 

±300 

±400 

±500 

±600 

±700 

±800 

±900 

1 

410 

77 

97 

100 







2 

820 

42 

78 

94 

98 

100 





3 

1,190 

39 

69 

87 

93 

98 

99 

100 



4 

1,560 

34 

69 

83 

93 

96 

99 

99 

99 

100 


TABLE 1 1 1-4 

Percentage of Observations within Specified Departures from Average Altitudes 
Using Spherical Balloons with 75 Grams Free Lift 


Average 
Min- Altitude, 


ute 

feet 

±100 

±200 

±300 

±400 

±500 

±600 

±700 

±800 

1 

560 

92 

100 







2 

1,120 

67 

96 

98 

100 





3 

1,680 

58 

88 

98 

100 





4 

2,210 

44 

88 

93 

98 

100 




5 

2,740 

46 

73 

89 

95 

95 

100 



6 

3,270 

47 

72 

83 

89 

92 

97 

97 

100 


Direction and Speed of Movement of Clouds 
Direction 

The direction of cloud movement is the direction from which 
the cloud appears to be coming and may be given to 8 or 16 points 
of the compass. In order to determine the direction accurately, 
an instrument called the nephoscope may be used. There are two 
types of nephoscopes, direct-vision and mirror-vision. The sim- 
plest type to construct is the direct-vision Besson^s comb nepho- 
scope. It consists of a 9-foot vertical rod with a horizontal cross 
piece 33^ feet long fixed to its top. Along the cross piece equi- 
distant vertical spikes are fixed. The vertical rod is mounted on 
a pole in such a manner that it may be rotated by means of two 
ropes attached to another short cross piece fixed to the rod at the 
lower end. A disk with directions marked off is also fixed to the 
rod. The height should be adjusted so that a fixed mark on the 
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rod is at the eye level of the observer. To observe the cloud direc- 
tion, the observer moves about the rod until the cloud to be ob- 
served lies in a straight line with the central vertical spike. The 
rod is then turned by means of the two ropes until the cloud appears 
to travel along the line of spikes. The direction is then read off 
on the disk. 

Speed of Clouds 

In order to determine the speed of the cloud it is necessary to 
know the height (Z) of the cloud. If a is the distance between the 
spikes and h is the distance from the upper cross piece to the eye- 
level mark on the rod, and t is the time it takes for the cloud to 
move from one spike to the next (Fig. 38), then by similar triangles 

A a 

Z ^ b 

If we divide each side by t and multiply by Z we have 

— ^ — = Z - = Velocity 
i bt 

The left-hand side is the distance in feet traveled by the cloud in 
t seconds or velocity in feet per second. To convert to miles per 
hour, 

1 foot per second = miles per hour 

For example, 88 feet per second can be converted to miles per hour 
by dividing by 44 and multiplying by 30, thus 

|-| X 30 = 60 miles per hour 


Example 

a = distance between spikes = 1 foot 

I = distance from cross piece to eye level = 7 feet 
Z — height of cloud == 4,000 feet 

t = time for cloud to move between two spikes =12 seconds 


F = — X - X = 32 miles per hour 
44 7 12 


A convenient ratio for the distances a and 6 is 1 to 6.81. 
value 


-X — 

44 6.81 


= 0.1 


This makes the 
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The factor 0.1 or 3 fo su])stituted to obtain 

F = l^ 

10 t 

if Z is reported in feet. Multiply the time in seconds by 10 and divide 
into the cloud heij^ht in feet. If Z — 4,000 feet and t = 10 seconds 

1 — = 40 miles per hour 

10 X 10 


A Norwegian modification of the llesson nephoseope is tlu* ( Irid 
nephoseope (Fig. 30 ). Tn using these nephoseopes it is important 

to keep tlie eye in a fixed position 
while observing the motion of the 
cloud. This may be done by holding 
a pointed stick firmly in a vertical 
position on the ground with the point 
just above eye level and between the 
nephoseope and the eye. 

Th(^ second method of observing 
cloud motion is by mirrored vision of 
the cloud. The mirror lu'phoscope 
consists of a black circailar glass mirror 
with directions engraved at its outer 
p('rim(‘t('r. A vertical pointer and eye |)i('ce is attach(>d to the 
cential cohuim sui)porting the mirror. The distanc(^ and height 




U.S.W.n. photof/rnph. 


Fig. 40. Mirror nephoseope. 
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above the mirror of the eye piece may be adjusted. The directions 
marked off are opposite the true directions so that the reflected 
vision will move toward the graduation indicating the direction 
from which the cloud is moving. Cloud speeds may be obtained 
as with the Besson nephoscope as shown by Fig. 38. 

The accuracy of any of the foregoing methods is limited by the 
changes in cloud structure which may occur during the observa- 
tion period. It is not always possible to know that the same point 
is being followed. 



Chapter IV 


VISIBILITY 


Definition and Uses 

Visibility as used in meteorology might better have been called 
“visual range/^ As defined by the United States Weather Ikireau, 
visibility (visual range) in a definite direction is the maximum 
distance that prominent suitable objects like trees or houses, 
located in that direction and viewed against the horizon sky, arc 
visible to an observer of normal eyesight under existing conditions 
of atmosphere, light, etc. 

Ordinarily only one visibility value is included in a weather 
report, and under nonuniform conditions a value called the pre- 
vailing visibility is used. Under these conditions, the prevailing 
visibility is the greatest value of visual range that satisfies the 
condition that visual ranges equal to or greater than that value exist 
over at least half of the horizon}^ 

Visibility is used in two ways: (1) the pilot or navigator of an 
aircraft wishes to know how far he can see so that he may be able 
to identify objects along the flight path; (2) the meteorologist or 
forecaster uses the visibility or the transparency of the atmosphere 
as an indication of the distribution of haze, dust, smoke, or other 
impurities in the air. 

Nature of Visibility 

Visibility is one of the most complicated of all meteorological 
elements. A number of visibility instruments have been developed, 
but none has been considered sufficiently practical to replace 
observations made by the unaided eye. 

When we measure visibility we are dealing with the turbidity 
of the atmosphere. Turbidity is a measure of the lack of trans- 
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parenoy of the atmosphere, depending on the amount of foreign 
particles in the atmosphere. The turbidity may affect visibility 
as follows: 

(a) The strength of light traveling through the atmosphere is 
reduced by absorption and scattering by the air molecules and by 
minute particles of matter suspended in the air. These particles 
are of numerous kinds: spores, bacteria, dust, smoke, fog, and ice 
crystals. 

(5) The amount by which the light is lost depends upon the 
kind, sizes, and quantity of suspended particles. The color of 
light which is most scattered and that which is most transmitted 
depends upon the size, kind, and color of particles in the air at any 
particular time. 

(c) Air molecules are of such a size that blue light is scattered 
about 10 times more than red light. The sun at sunset is red for 
this reason. The sunlight at sunset must travel through a long 
path of air. Along this path, the blue portion of the sunlight is 
scattennl in all directions, so that mostly the red light is left by 
the time the direct light reaches us at the end of the path. 

(d) Haze, composed of extremely small salt or dust particles, 
also scatters blue light more than red, though these colors do not 
appear as “pure” in haze as ihvy do when the light is scattered 
by air molecules. 

(e) The size of fog droplets can vary over a large range; and, 
since the color of light that is most scattered depends upon the 
size of the particles, we may expect that different types of fog will 
scatter colors in different degrees. 

(/) Clean, pure fog droplets smaller than 1 micron in radius 
scatter blue light more than red, just as haze particles do. If the 
droplets are l)etween about 1.5 and 5 microns in radius, however, 
they scatter red light more than blue. Droplets of more than 
5-micron radius (the most common fog) scatter all colors about 
equally. (One micron equals 0.00 1 millimeter, equals 0.00004 
inch.) 

(g) The amount of attenuation of light thus depends upon the 
amount of scattering and absorption of light by the air molecules 
and foreign particles in the air. A measure of this ability to scatter 
and absorb light is called the extinction coefficient. 

It is evident that visibility is related to the extinction coefficient. 
Visibility is inversely proportional to the amount of light absorbed 
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and scattered. Although visibility also depends upon a number 
of other factors, let us attempt to understand why an object may 
be visible or invisible, depending upon its distance from us. 


Daylight Visibility 

For an object to be visible, we must be able to distinguish it 
from its surroundings. In other words, the object must be con- 
trasted with its background. If no contrast were perceptible, we 
would not be able to distinguish the object from its surroundings 
and it would be ‘invisible.*’ This is one of the principles applied 
in camouflage. 

For purposes of discussing daylight visibility, the principal con- 
trast that enables us to distinguish an obje(‘t is the contrast in 
brightness. Brightness is the luminous intensity per unit area 
normal (perpendicular) to the line of sight. The luminous inten- 
sity is usually expressed in candlepower, which represents a certain 
definite rate of flow of light energy. If the difference in brightness 
between an object and a brighter background is made less and less 
by increasing the brightness of the object, a point is finally reached 
where we no longer can distinguish a differenc^e between the two. 
As a matter of fact, however, there is actually still some differ- 
ence, but, since our eyes are not perfect instruments, the difference 
is not apparent to us. Now, if the actual brightnesses of object 
and background are measured when the object is just visible, their 
actual contrast can be found. The contrast is calculated on a rela- 
tive basis by dividing the difference in brightness by the brightness 
of the background. This contrast is called the “threshold of 
brightness contrast.” It is obvious, therefore, that, since all 
people’s eyes are not the same, this value varies from person to 
person, within certain limits, and depends also on the adaptation 
of the eyes to existing light conditions. 

The threshold of brightness contrast is related to visibility in 
the following way: Suppose that we look at a black object in the 
daylight against a completely cloudless sky. As we move the 
object farther and farther away from us, toward the horizon, it 
appears to become lighter and lighter, its apparent brightness 
becoming more and more the same as that of the sky. Finally, 
at some certain distance, the object becomes no longer visible, 
because we can discern no contrast between it and the sky. 



Factors Which Influence Visibility 69 

The reason why the object appears lighter as its distance from 
the observer increases is easy to understand. Sunbeams from the 
window, slanting across a room, arc made visible by the dust 
particles in the air. The path seems ‘^lighted up.^^ In the same 
way, though not so spectacularly, since the light is not broken up 
into separate beams outdoors (except in crepuscular rays), the air 
between an observer and an object is ^^lighted up’^ as the result of 
scattering. The longer the air path, the more ^^air-light^^ there is 
between the observer and the object. Thus, the farther away the 
object, the brighter it appears. 

It is obvious that, by moving our black object farther and farther 
toward the horizon, the contrast will diminish until it has the value 
of the ‘threshold l)rightness contrast.^^ At this point the object 
will just be visible. This distance from the observer to the object 
is the “visibility.” 

This certain distance at which the object becomes visible is 
related to the extinction coefficient, which becomes greater as the 
distances becomes less. As the number of foreign particles in the at- 
mosphere (in the form of smoke, dust, fog, etc.), increases, the value 
of the extinction coefficient increases, and the visibility decreases. 

Factors Which Influknce Visibility 

The concept of visibility implies a visible object. It is in the 
choice of a refenuice object that our difficulties multiply. We 
find that visibility depends (apart from individual differences in 
visual acuity) upon various properties of the object, surroundings, 
and lighting. These are, principally: 

R('fiecting power and color of object. 

Reflecting power of background. 

Amount of cloudiness. 

Position of sun. 

Angular size of object. 

Nature of terrain between object and observer. 

Bright light points in the field of view. 

Let us consider these factors: 

The Ideal Object and Background 

It is found that the visibility of a black object against a sky 
background (with either a cloudless sky or a completely overcast 



70 


Visihility 


sky) can easily be computed by knowing the extinction coefficient 
and the “threshold’^ values. The position of the sun in this in- 
stance makes no difference. 

Effect of Different Objects and Backgrounds 

To make the above ideas C()n(*rete, let us take some numerical 
examples. In Table IV- 1 it is assumed that the same atmospheric 
conditions prevail, that the sky is uniformly overcast, and that 
the objects are of the same angular size. 


TABLE 1V~1 


Object 

Background 

Visihility y 
miles 

Blac^k 

Sky 

3.0 

Gray (refl(‘(!tiriK 15% light) 

Sky 

2.0 

White 

Sky 

2.5 

Blac^k 

Snow 

2.3 

Gray (reflecting 15% light) 

Snow 

2.1 

Black 

Ground 

0.0 


This table shows that: (1) gray objects may be used, but they 
should be dark; the darker the better; (2) white objects should not 
be used; (3) the sky should be the background for the objects. 

Position of Sun 

The above points are further emphasized when we consider the 
effect of the position of the sun relative to the observer and object. 


TABLE IV-2 

Visihility y miles 


Object 

Background 

Sun 

before 

Observer 

Sun Directly to 
Right or Left 
of Observer 

Sun 

behind 

Observiir 

Black 

Sky 

3.00 

3.00 

3.00 

Gray (reflecting 
15% light) 

Sky 

2.97 

2.97 

2.43 

Black 

Ground 

0.72 

1.11 

2.91 

Gray (reflecting 
15% light) 

Ground 

0.36 

0.63 

2.22 


Table IV-2 will illustrate this effect. The sky is assumed to be 
clear, and the sun is at an elevation of 20°. 
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Color of Objects 

It has already been stated that if the objects are colored the 
situation becomes complex. It can be shown, however, that, if 
the colored objects are not too bright, they will behave about the 
same as gray objects. This fact is significant, for we see that 
dark-colored buildings (dark red brick, etc.) may be used as refer- 
ence objects, always keeping in mind what has been said about the 
background, together with further considerations as to size, which 
will be discussed later. 

As the distance of a colored object approaches the limit for visi- 
bility its color seems to disappear and it looks gray, so it may be 
treated as a gray object. Table IV~3 shows the visibility under 
the same atmospheric conditions, but using objects of different 
colors as reference points. It illustrates the fact that the colored 
object acts nearly the same as a gray object with the same reflect- 
ing power. 

TABLE lV-3 


Color 

Rejleding Power ^ % 

Visibility f miles 

dray 

13 

9.18 

IU‘(i 

13 

9.10 

Gray 

30 

8.95 

Blue-green 

30 

9.05 


A ngular Size of Objects ^ 

The angular size is the angle subtended by the object at the 
observer’s eye. It is found that, for objects subtending angles less 
than 1°, the visibility d('(*r('ases rapidly as the angle becomes less 



Pig. 41. Angular size of objects. 


and less. Above 1° to about 5° there is very little variation, as 
is shown in Fig. 42, in which the angle subtended by the object is 
plotted against visibility. 
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The graph, Fig. 42, shows, for instance, that, if an object sub- 
tending 3® is just visible at 3 miles, then, under the same condi- 



Angular size of object, degrees 


Fig. 42. Angular size of objects vs. vivsibility in luiU^s. 

tions, an object subtending only 0.3® could not be seen beyond 
1.6 miles. 

Effect of a Bright Light in the Field of View 

The dazzling effect of looking toward a bright light is a common 
experience. If such a ^‘dazzle sourcc^^ is close to the line of sight, 
the object being sighted on is more difficult to sec. The visual 
range will appear less than it actually is, because the threshold 
brightness contrast increases owing to the dazzling effect in the eye. 

Observers unconsciously correct somewhat for this by shading 
their eyes with their hands when determining visibility in direc- 
tions near the sun. 

Effect of Terrain between Observer and Object 

If the terrain between the observer and the object is highly 
reflecting (such as lakes, white sand, or snow) theu-e will be an 
appreciable addition of ^ ^air-light' ^ in the space between observer 
and object, causing the object to be less visible, of course, than it 
would be if the intervening terrain were dark soil or grass. 

Effects of Moonlight^ Starlight, and Twilight 

It is well known that the visual range of objects in the subdued 
light of moonlight, starlight, or twilight is not so great as in day- 
light. The reason is obvious. As an example of the magnitude of 
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this effect, suppose that the visibility were such as to permit an 
obje(‘t to be just visible at miles in daylight; in bright moon- 
light the object would not be visible at more than about 0.6 mile. 

In twilight the same sort of effect is noticeable. However, in 
twilight the illumination and the brightness of the sky vary with 
direction, so that the visi!)ility will depend on the direction of the 
object. 

VisiKiLiTY AT Night 

Visibility at night, of necessity, is determined mostly by the 
visual range of lights rather than by objects. Therefore, only 
unfocused lamps should be used to determine visibility, since 
focused beams and beacons can naturally be seen farther than 
ordinary lights. It is evident that, since the distance at which 
lights can be seen ch^pends upon their candlepower, this distance 
has no relation to the visibility determined by objects in the day- 
time. Candlepower is the amount of light per unit spherical angle. 
If the proper candlepower lamp is chosen, however, there will be a 
1 : 1 correspondence between the visibility determined in daylight 
and the visibility determined at night by means of the lamp. 
Thus, under similar conditions, when the visibility in daylight is 
3 miles, it would take a 225-candlepower lamp to be just visible 
at 3 miles at night. 

In the discussions which follow, for the sake of (dearness, we will 
arl)itrarily d('fine “visual range^^ as the distance at which a dark 
object subtemding 2°-3° is just visible against the horizon sky, 
during daylight. The distance at which an electric lamp is just 
visible at night will be called “lamp range.” The term “visibility” 
will remain as defined at the start of the chapter. 

Variation of Lamp Range with Candlepower 

The candlepower is not only dependent upon the design of the 
lamp and the direction in which it is turned but also upon the 
voltage impressed upon it. 

For instance, suppose that the visual range were 3 miles; then 
a 60-candlepower lamp would be just visible at 2.3 miles at night 
(lamp range). 

Now suppose that the line voltage of 110 volts is reduced by 
18 per cent. The lamp would now be giving only about 31 candle- 
power. The lamp range would be 2 miles. 
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If the line voltage had increased by 18 per cent, the lamp would 
give about 106 candlepower. Now the lamp range would be 
2.6 miles. 

In the foregoing example, the transparency of the atmosphere 
was held constant, so that the visual range would have bec^n 
3 miles. Suppose now that the atmosphere becomes clearer, giving 
a visual range of 10 miles. What would be the behavior of our 
lamp range? 

At 60 candlepower, the lamp would be just visible at 4.6 miles. 
If the voltage to the lamp were reduced by 18 per cent, the lamp 
would then be visible at no greater distance than 3.8 miles. If 
the voltage increased by 18 per cent, the lamp range would be 
5.2 miles. 

Not only, therefore, are most lamp ranges different from the 
visual range under the same atmospheric conditions, but changes 
in line voltage cause changes in lamp range. Thus, considering 
only lamps of ordinary candlepower (about 60 cp.): for poor 
visual range, changes in line voltage have only small (perhaps 
negligible) effects; for good visual ranges, 10 miles, the effect is 
greater. Also, for poor visual ranges the difference between visual 
range and lamp range is less than for good visual range. 

Suppose, however, that we use a much stronger lamp, say one 
of 750 candlepower, at a voltage of 110. If the visual range were 
10 miles, this lamp would be (under the same atmospheric condi- 
tions) just visible at night at 8 miles. If the voltage dropped by 
18 per cent, the lamp range would be about 7 miles. If the volt- 
age increased by 18 per cent, the lamp range would be about 
9 miles. 

Now if the atmospheric conditions were such that the visual 
range is % mile, and a 750-candlepower lamp at 110 volts were 
used, the range would be about 1.4 miles. If the voltage dropped 
by 18 per cent, the lamp range would be only about 1.2 miles. If 
the voltage increased by 18 per cent, lamp range would be about 
1.4 miles. 

It is thus evident that, if a system of lamps is to be used for 
determining lamp ranges, and their voltage is not kept constant, 
lamps of high candlepower are better than lamps of low candle- 
power. 
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The following table shows the approximate relationships be- 
tween the various factors already discussed. 

TABLE IV-4 

(Distances rounded to nearest tenth of a mile) 

Camllepower at Caridh power at Camllepower at 

110 volt H = llOvolta = 110 volts = 

GO caruilepower 100 camllepower 750 candlejtower 

Distance Lamp Distance Lamp Distance Lamp 

Visual Is Visible at Is Visible at Is Visible at 

Ranine, Voltages of Voltages of Voltages of 


miles 

90 

no 

130 

90 

110 

130 

90 

no 

130 

H 

0.9 

0.9 

1.0 

0.0 

1.0 

1.1 

1.2 

1.4 

1.4 

3 

2.0 

2.3 

2.0 

2.2 

2.6 

2.9 

3.3 

3.0 

4.0 

6 

3.0 

3.5 

4.0 

3.4 

4.0 

4.4 

5.2 

5.8 

6.4 

10 

3.<S 

4.0 

5.2 

4.4 

5.2 

0.0 

7.0 

8.1 

9.0 


If it were d(\sired to relate lamp range to visual range, a factor 
tabl(' could easily Ix^ computed for any system of lamps. 

Flashing Lights 

The visual range of flashing lights may, for practical purposes, 
be considered the same as that for steady light, as long as the 
duration of each flash is several seconds. If, however, the flashes 
last for much less than 0.2 second, the light will not be visible as 
far as a steady light. As an example, suppose that a certain steady 
light is visible at 33^^ mih's; then if the same light were to flash on 
and off so that each flash on lasts only 0.02 second, the light would 
be visible at only 2 miles. Since flashing lights of such small 
intervals are rarely used in practice, this consideration may be 
ignored with respect to visibility determinations made by weather 
observers. 

Effect of the Brightness of the Background of Lamps 

If a white lamp is seen against a background that is not black 
but has a certain brightness, it is known that the lamp cannot be 
seen as far as it could be if it were against a black background. 
To illustrate this, let us assume the following: The visual range 
is 3 miles. A lamp of 225 candlepower, against a black back- 
ground, can be seen at 3 miles. A similar lamp, against a back- 
ground of moonlit snow, w ould have to be at about 2.8 miles to be 



76 


Visibility 


visible. Evidently, then, at least for lower visibilities, the effect 
is not very important. If we examine the situation for higher 
visibilities (say 10 miles), we find that a lamp which can be seen 
at 8 miles against a black background would have to be moved to 
about 7.6 miles to be visible against moonlit snow. Again it 
appears that the difference in the visual range of the lamp is not 
of too great magnitude. For red lamps, the background brightness 
(within reasonable limits) has no effect. 

Effect of Fog 

All the preceding discussion was based on night visibility condi- 
tions of over ]/i mile and in the absence of fog. 

If fog exists, the lights no longer act as point sources. The fog 
particles scatter the light and form a monj or less large luminous 
area surrounding the lamp. The light from this luminous area is 
diffused light. According to Langmuir and Westendorp (‘‘Light 
Signals in Aviation and Navigation,^’ Physics^ 1:273-317, 1931), 
the eye is 7,000 to 170,000 times more sensitive to light from a 
point source than to diffuse light, depending upon background 
brightness. Therefore the diffused light caused by the fog around 
a lamp cannot be seen as far as the light from the same lamp not 
surrounded by fog. 

As an illustration of the relative sensitivity of the eye to point 
and diffuse sources, consider this: Compare the candlepower 
necessary to make visible at 6 miles, first, a flash from a point 
source (a lamp), and then, second, light reflect(Kl from a cloud. 

In the first case, if a candlepower of 250 is sufficient, then nearly 
3,250,000 candlepower will be necessary in the second case. 

Effect of Color 

The effect of color of a light source on visibility is substantially 
the same in fog as in clear air. Red lights, including neon, of th(^ 
same candlepower as white lights cannot be seen any farther than 
the white lights in a fog. For this reason it is satisfactory to use 
red obstruction lights as visibility markers. 

Preparing a Visibility Chart 

The point of observations should be chosen so that a view of 
the entire horizon may be had. If this is impossible, sufficient 
vantage points near the observatory may be selected to enable an 
observer to view the horizon in all directions. 
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Suitable objects should be chosen in all directions and at vary- 
ing distances in accordance with the previous sections of this 
chapter. On a map of the surrounding area and with the observa- 
tory as the center con(;entric circles should be drawn and 
labeled in terms of their distances from the observatory. 
The various objects should also be listed so that they may be 
recognized. 

Procedure for Determining Prevailing Visibility 

Under nonuniform visibility conditions a representative value 
may be obtained as follows: Divide the circle of the horizon into a 
suitable odd number (such as 3, 5, or 7) of equal sectors. The 
sectors should l)e chosen so that the visual range for each sector is 
approximately uniform and can be represented by a single value. 
Write down the value of the visual range for each sector, and 
arrange the values in the order of increasing numerical value. 
The value that lies in the middle of the series will be the prevailing 
visibility. 

Many observatories are so located that smoke or fog may be 
{)re valent in some particular direction. It is then desirable to 
report the visibility in each direction. For example: N 2 miles, 
E 13/^ miles, S H niile, W miles. 

Estimating Visibility 

The observatory may be so located that the farthest visible 
objects on all horizons are so close that true visual range may not 
be obtained for conditions of excellent visibility. Under these 
conditions, the observer should estimate the visibility by noting 
the transparency of the atmosphere. Small objects should be 
observed, and the sharpness with which they stand out may serve 
as a guide for selecting the visibility. When the more distant 
objects stand out sharply with little blurring of color, the air may 
be considered to be free of haze and the visibility quite high. If 
objects are blurred or indistinct and seem to have a gray or purplish 
hue, the presence of haze or other obstructions and a reduced 
visibility are indicated. As was indicated on page 71, the size 
of the object is important in estimating low visibilities. Small 
objects should be chosen for low visibility conditions. 
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Visibility and Aviation 

One of the most important factors in the safety of aviation is 
good visibility. A pilot may navigate ^‘blind’^ through the course 
of his trip, but apparatus which will permit him to land through a 
region of zero visibility has not, as yet, been put into universal 
use, although considerable progress has been made with experi- 
mental installations. Visibility conditions must therefore be 
accurately forecast and observed so that the pilot may know 
actual conditions to expect. 



Fig. 43. Comparison of v(;rtical and slant visibility from aircraft at different 
altitudes through a ground haze layer. 

Meteorological reports on visibility will include only horizontal 
visibility from the surface. This is of greatest importance in 
landing and take-off but must be supplemented by a knowledge of 
conditions as viewed from above, especially if the pilot is relying 
on contact flying as the principal means of navigation, or if bomb- 
ing, photography, or observation is involved. 

The surface air may occasionally be relatively free from visual 
obscuration while a layer of haze aloft will prevent the pilot from 
viewing the ground. At other times, with a shallow layer of fog, 
the pilot may be able to view the ground quite clearly from above 
but finds that visibility decreases markedly when coming in for a 
landing. In Fig. 43 it will be seen that airplane A will have a much 
clearer line of vision to point C than airplane B, which is at a 
lower altitude. 
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Here the visibility from the ground is of major importance, 
rather than the visual range of the pilot in the air. It is possible 
to see a greater surface area by climbing; in fact, the range of 
visibility will be directly proportional to the height, as shown in 
Fig. 44. At point B aloft, the pilot can see from points A to C, 



Fig. 44. Msual range from aircraft at different jiltitudes with a haze layer near 

the ground. 


By climbing higher to elevation /), he will be able to see from A 
to E. It will be seen that the distance CE is directly proportional 
to BD. It must be assumed, however, that the air above the haze 
layer is relatively clear and free from pollution in both cases. 

The principal use of ground observers’ visibility reports is in 
landing. On the final glide the aircraft enters the lower layer of 
air through which the visibility is being determined, and the pilot’s 
visil)ility becomes approximately the same as the ground observer’s 
visibility. 
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International Definitions 

International meteorology requires that each meteorological 
phenomenon be represented by a single symbol which has the same 
meaning in all countries. It is, therefore, necessary that the 
description of the phenomenon represented by a symbol be the 
same in all countries. It is also desirable that a name or term 
used to designate a given phenomenon be as widely understood as 
practicable without ambiguity. This last requirement is not 
always realized. In this text we shall follow closely the United 
States Weather Bureau\s ‘T^efinitions of Hydrometeors and Other 
Atmospheric Phenomena’^ which was adopted November 18, 1938. 

Certain names have been adopted in England and the United 
States to designate different phenomena. So far as practicable, 
it is desirable to discontinue the use of such names in meteorolog- 
ical literature and records. Those terms which in American usage 
have not been clearly defined in the past or which have been applied 
to different phenomena contrary to international usage are thus 
objectionable. A term in this category is mist. It has been em- 
ployed in the past in the United States generally to designate 
drizzle and occasionally light rain, as defined in this chapter. In 
England the term mist refers to thin fog, similar to damp haze as 
defined here, and similar to light fog, but possibly somewhat more 
attenuated at times. To avoid the possibility of confusion the 
terms mist and misting are not used in United States Weather 
Bureau records. 

Another term which has different meanings in England and 
North America is sleet. In North America sleet generally refers to 
ice pellets, i.e., frozen raindrops, or ice pellets formed by freezing 
of melted or partially melted snowflakes. In England sleet refers 
to rain and snow mixed. Some people in North America also use 

80 



Obstructions to Vision (Not Including Precipitation) 


81 


the term sleet in this sense. In United States Weather Bureau 
records sleet is the name applied to ice pellets. 

Visibility and Intensity 

Visibility is used as a criterion for estimating the degree of in- 
tensity of certain (not all) phenomena among which may be men- 
tioned fog, ice fog, smoke, dust and dust storm, sand and sand 
storm, drifting and blowing snow, snow, drizzle, and exceptional 
visibility. 

Restrictions to visibility produced by particles not falling 
from aloft out of clouds may be of two types: (a) lithometeors ; 
(b) hydrometeors. 

Obstructions to Vision (Not Including Precipitation) 
Dry Haze oo 

Dust or salt particles which are dry and so extremely small that 
they cannot be felt or discovered individually by the unaided eye; 
however, they diminish the visibility and give a characteristic 
smoky (hazy and opalescent) appearance to the air. 

These lithometeors produce a uniform veal over the landscape 
and subdue its colors. The veil has a bluish tinge when viewed 
against a dark background such as a mountain, but it has a dirty 
yellow or orange tinge against a bright background, such as the 
sun, clouds at the horizon, or snow-capped mountain peaks. It 
is thus distinguished from grayish = (light fog), the thickness of 
which it may sometimes attain. When the sun is well up, its light 
may have a peculiar silvery tinge due to haze. 

Irregular differences in air temperature may cause a shimmering 
veil over the landscape, and this is called ‘‘optical haze.^’ 

Damp Haze 98 

Microscopically small water droplets or very hygroscopic par- 
ticles suspended in the atmosphere, but the horizontal range of 
visibility is l}4 niiles or more, usually considerably more. Similar 
to a very thin fog, but the droplets or particles are more scattered 
than in = (light fog), and presumably also smaller. 

This hydrometeor is usually distinguished from dry haze (see 
“haze^^ above) by its grayish color, the “greasy^’ appearance of 
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clouds seen through ^^damp haze'' as though viewed through a 
dirty window pane, and the generally high relative humidity. It 
is commonly observed on seacoasts, and in southern states, most 
frequently with onshore winds and in the vicinity of tropical dis- 
turbances. A common mode of formation of “damp haze" is the 
carrying up to high levels of particles from salt-water spray in 
windy weather. In contrast, light fog is more commonly observed 
when there is little movement of the surfa(;e air. 

Light Fog = 

Microscopically small (minute) water droplets or very hygro- 
scopic particles, too small to be seen individually by the unaided 
eye, suspended in the atmosphere. The horizontal range of visi- 
bility is mile (3,300 feet), or more, because the minute water 
droplets arc much smaller and more scattered than in = (fog). 

This hydrometeor is similar to = (fog), except that the droplets 
are smaller and more scattered so that the horizontal visibility is 
not reduced to less than ^ mile (3,300 feet). At temperatures 
above the freezing point, the relative humidity in = (light fog) 
generally ranges from 90 to 97 per cent. Light fog = always looks 
more or less grayish. 

Fog = 

Minute water droplets suspended in the atmosphere, reducing 
the horizontal range of visibility to less than ^ mile (3,300 feet). 

If fog does not obscure the sky in all directions, record the sky 
conditions and add notes regarding distribution of the fog, such 
as s SE, etc. 

This hydrometeor is easily distinguished from haze, dust, or 
smoke by its essential wetness. At temperatures above the freez- 
ing point true fog is characteristically accompanied by a relative 
humidity greater than 97 per cent. Consequently the air feels 
clammy and humid when fog is present, and on close examination 
one may even see the individual droplets floating past the eye. 
True fog generally looks whitish, except in the vicinity of indus- 
trial regions where it may be a dirty yellow or gray. The symbol 
= (fog) is to be recorded only when the fog reduces the horizontal 
visibility to less than ^ mile (3,300 feet). Fog will always be 
recorded as at observational elevation. Proper notations should 
be recorded as to whether different conditions prevail at other 
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elevations. When fog and smoke or any mixture of fog and dust, 
etc., occurs simultaneously record as or according to proper 

lithometeor. 

Iniensiliea 

Modoruto When fog is present and the visibility is mile (1,650 
feet) to (but not including) mile (3,300 feet). 

Heavy When fog is j)r(*s(‘nt and the visibility is less than 

mile (1,650 feet). 

/ e Fog ^ 

The occurrence of fog in the form of ice crystals or spicules. 
This phenomenon occurs more frequently in higher latitudes. 
Sun is usually visible, but horizontal visibility is considerably 
restricted. It is collociuially termed “frost in air,’^ “frozen fog,’^ 
which in some western parts of the United States and in Alaska 
is called “Pogonip.^^ 

InteTmties 

Light When ic(‘ fog is present and visibility is ?8 niile (3,300 

feet) or moni (see lee crystals). 

Moderate Wlum ice fog is present and the visibility is mile 
(1,650 feet) to (but not including) mile (3,300 
feet). 

Heavy When ic(‘ fog is present and the visibility is l(‘ss than 

•'’lo mile (1,650 feet). 

Smoke <=> 

The presence in the air of particles of foreign matter resulting 
from combustion. In light amounts it may be confused with haze 
or fog but usually can be differentiated from them by its odor. 

Sun\s disk at sunrise and sunset is very red and during daytime 
has a reddish tinge. Smoke from a distance, as from forest fires, 
usually is of a light grayish or bluish color and evenly distributed 
in the upper air. City smoke may be brown, dark gray, or black. 

Inteimlies 

Light When smoke is prescuit and visibility is •'’s mile (3,300 

feet) or more. 

Moderate When smoke is prestuit and the visibility is ? niile 
(1,650 feet) to (but not including) mile (3,300 
feet) . 

Wht»n smoke is prestmt and the visibility is less than 
He (1,650 feet). 


Heavy 
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Dust 

Dust in the air to an extent that diminishes the visibility, but 
not less than % mile (3,300 feet). 

Dust in upper air from great distances may give a grayish 
appearance to the sky and reduce its blueness. Occasionally the 
dust aloft may be of a brownish or yellowish hue. Depositions of 
dust may be observed on shiny surfaces, and, when rain or drizzle 
occurs, a muddy residue on car finishes, windows, etc., may be 
noticed. 

Intensities 

Light When dust is present and visibility is % mile (3,300 

feet) or more. 

Moderate When dust is present and th(5 visibility is mile 
(1,650 feet) to (but not including) % mile (3,300 
feet). 


Drifting Snow 

Snow raised from the ground and carried by the wind, so that 
the horizontal visibility becomes less than ^ mile (3,300 ft^et), 
although no real precipitation is falling. The snow is drifting so 
low above the ground that the vertical visibility is not appretdably 
diminished. 

Intensities 

Light Wh(m drifting snow is present and visibility is % mile 

(3,300 feet) or more. 

Moderate * When drifting snow is prestuit and the visibility is 

mile (1,650 feet) to (but not including) % mile (3,300 
feet). 

Heavy * When drifting snow is present and the visibility is less 
than Yiq mile (1,650 feet). 

* Intensities referred to as ‘‘moderate’^ or ^‘heavy’’ conform to international 
definition which limits the visibility to % mile (3,300 feet) for these phe- 
nomena; the “light’' is added for greater visibilities. 

Blowing Snow ^ 

Snow raised from the ground and carried up by the wind so 
that the horizontal visibility becomes less than ^ mile (3,300 feet), 
although no real precipitation is falling. The snow is carried so 
high up from the ground that the vertical visibility is reduced 
considerably. 
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If it cannot be distinguished whether or not precipitation of 
snow is also occurring, use the symbol to represent what is 

commonly called ^ ‘blizzard/^ 


Inlensiiies 

Light When blowing snow is present and visibility is mile 

(3,3CK) feet) or rnon^. 

Mo(l(*rate * WIkmi blowing snow is present and the visibility is 

mile (1,()50 feet) to (but not including) mile (3,300 
fe(‘t). 

Heavy * When blowing snow is present and the visibility is less 
than mile (1,650 fee t). 

* Intensiti(‘s reh'rnul to as ^‘moderate*” or ‘‘heavy” conform to international 
definition which limits the visibility to mile (3,300 feet) for these phe- 
nomena; th(‘ “light” is added for greater visibilities. 


PhKCI CITATION FORMS 

Precif)itation is composed of particles falling from aloft out of 
clouds. Thn^e general classes of hydrometeors may be listed, 
depending upon the nature of the pre(‘ipitation. 

(a) Hydrometeors which may fall more or less continuously, or 
in showers: rain, snow, slei't. 

(b) Hydrometeors which fall almost exclusively in showers: 
snow pellets, small hail, hail. 

(r) JlydroiiKdeors which never fall in showers: drizzle, snow 
grains, ice crystals. 


Precipitation — Continuous or Shower 


Kain % 

Precipitation of drops of liquid water in which the drops are 
generally larger than 0.02 inch in diameter; they fall faster than 
10 feet per second in still air. (See drizzle.) 

This hydrometeor • (rain) must be carefully distinguished 
from 5 (drizzle). While the drops in rain are generally larger 
than 0.02 inch and those in drizzle always smaller than 0.02 inch, 
rain drops may, under certain circumstances, have diameters also 
smaller than 0.02 inch. Such rain drops arc much sparser than 
drizzle drops. The first rain drops from an advancing altostratus- 
nimbostratus canopy of clouds may all have diameters less than 
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0.02 inch, but then they can be distinguished from drizzle by the 
clouds from which they fall, by not being so numerous, and by 
not materially reducing the previously existing horizontal visi- 
bility as drizzle does. Precipitation of rain may be either fairly 
continuous or showery, but that of drizzle is rather uniformly 
continuous and never showery (see showers, for which a special 
symbol is used). Thus, rain can occur from shower clouds, such 
as cumulonimbus or cumulus, but drizzle does not. When the 
precipitation is rather continuous, a consideration of the clouds 
is helpful in avoiding confusion between the two phenomena in 
question. Rain, as distinguivshed from showers of rain, mani- 
fests itself as fairly continuous precipitation of ordinary rain 
drops from a continuous sheet of cloud. The sky is, as a rule, 
covered with a layer of real rain clouds (i.e., nonshower (blonds 
such as nimbostratus) formed by progressive lowering from an 
altostratus system, or with a uniformly gray but relatively high 
canopy of clouds (altostratus), generally with formless masses of 
cloud below (scud: fractocumulus or fractostratus), which may 
even be present in such quantities that the upper clouds are com- 
pletely hidden. On the other hand, drizzle usually occairs from a 
continuous dense and low layer of stratified cloud which has formed 
near the surface, but not from progressive lowering of higher clouds. 
(See drizzle.) 

Intensities 

Lit^ht The rate of fall at the time of observation lies within 

and includes the following limits: Trac^e per hour to 
0.10 inch per hour (0.01 inch or less in 6 minutes). 

Moderate The rate of fall at the time of observation lies within 
and in(!ludes the following limits: 0.1 1 inch per hour 
to 0.30 inch per hour (more than 0.01 inch to 0.03 
inch in 6 minutes). 

Heavy The rate of fall at the time of observation is in excess 

of 0.30 inch per hour (over 0.03 inch in 6 minutes). 

(The above do not refer to accumulated depth of rain 
over a period of hours.) 

Snow ^ 

Precipitation of water (in the solid state) mainly in the form 
of branched hexagonal crystals or ^^stars^^ (snowflakes), often 
mixed with simple ice crystals. 
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When a considerable number of snowflakes and detached, sim- 
ple ice crystals fall together use the symbol In extremely cold 
weather in high latitudes precipitation may occur exclusively in 
the form of deta(dicd, simple i(*e crystals. When this occurs a 
special note must be made by the observer. To be distinguished 
from t± (ice fog) and <-> (ice crystals). 

This hydrometeor ordinarily manifests itself in the form of 
single platelike crystals of water in the solid state, or clusters of 
such crystals (flakes) which fall more or less continuously from a 
solid cloud sheet. 

Because of the mechanical difficulties involved in measuring 
snow as a rate of weight-accumulation, visibility is used as the 
(•riterion for determining the intensity of snowfall (sec below). 

Intemities 

Light \Vh('n falling snow is proseiit and visibility is mile 

(3,300 feet) or more. 

Moderate When falling snow is |)r(‘S(‘nt and the visibility is 

mil(‘ (1,050 feet) to (l)ut not including) iiult' (3,300 
feet). 

Heavy When falling snow is prc'sent and the visibility is less 

than i’io mile (1,050 feet). 

Rain and SnoiVj Mixed ^ 

Precipitation of • (rain) and ^ (snow) together. 

Ret'ord ‘Ttain and snow mixed^^ if rain predominates; record 
^‘Snow and rain mixed’ ^ if snow predominates. 

The observer will be guided by his experience and observation 
in recording light, moderate, or heavy i-ain and snow mixed 
When rain and snow are occurring alone, on as many occasions as 
possible he must correlate the visibility with his sense of the rate 
of fall for each of the three intensities. He will thus by experience 
obtain an impression of the rate of fall of snow alone as well as of 
rain alone which pertain to the respective intensities: light, mod- 
erate, and heavy. When ^‘rain and snow mixed” occurs, the visi- 
bility criterion for snow intensity will be abandoned and the 
observer will estimate and record the intensity of the rain and of 
the snow, separately, by judgment on the basis of his experience 
with apparent rates of fall of each. 
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Sleet A 

Transparent or translncent globular or irregular hard pellets 
of ice, about 0.04-0.16 invh in diameter; they rebound when falling 
on hard ground. 

The formation of this hydrometeor occurs only when ordinary 
rain drops or partially melted snowflakes frec^ze while falling 
through a surface layer of relatively cold air, all or part of which is 
characterized by temperatures considerably below freezing. Thus, 
the temperature at ground level is almost always below fr'eezing 
when A (sleet) is observed. The sky is covered with a solid layer 
of cloud whicli helps to distinguish A (sleet) from A (small hail). 

Intemitics 

Lij^ht Tin; fiiHitig of ict; pollcsts is rtvsiric'Unl to a f(‘w scaft (*?(*( I 

p(^ll(‘ts. 

Moderate The falling of ice pelh^ls in modcMaic^ nuinlxu’s so as to 
caus(^ some accumulation on the ground. 

Heavy Falling of ice |)elUds in such considerable numlx'rs as 

to (;aus(5 rapid a(a*umulation. 


Shower Types of Precipitation 


Snow Pellets 

White, opacpie, or round (seldom conical) grains of snowlike 
structure, about 0.02 0.20 inch in diameter in all dinM'tions. They 
arc crisp and easily compressible; they rebound when falling on 
hard ground, and thereby often burst. 

The oiaairrence of this hydrometeor is restricted chiefly to occa- 
sions when th(i surface temperature is at or slightly l)elow the 
freezing point. It often falls before or together with ^ (snow). 
If its occurrence has a showery character it should be recorded by 

means of the symbol It is sometimes called ^‘grauper^ or 
‘Tapioca snow.’’ 

Inlemiliea: Same intensities as for sUiet. 

Small Hail A 

Semitransparent, round or sometimes conical grains of frozen 
water, about 0.08-0.20 inch in diameter. Generally each grain 
has a ^ (snow pellet) as a nucleus, with a very thin ice layer 
around it, which gives the grains a glazed appearance. They are 
not easily compressible or crisp, and, even when falling on hard 
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ground, th(\y ordinarily do not rebound or hurst, as they are gen- 
erally wet. 

This hydrorn(deor falls from broken shower clouds, which helps 
to distinguisli it from A (sleet). It is the type of hail whi(*h char- 
acteristi(‘ally occurs in winter and early si)ring along the Pacific; 
Coast of the United States. J^uring its occurrence the tempera- 
ture; is iK'arly always above the freezing point. It oftcai falls 
together with • (rain). 

J til if us it tea 

Liglit Fall r('strict(‘(l <0 a few scat tonal jrrains. 

]Vl()(l(‘rat(‘ Fall is siiflioioiit to oaiis(‘ a nualiuni rate of aocuinula- 

tiou on iho }iio\in(l. 

H('avy Fall is such as to cause' rapid acciiiniilatio!i on tho 

jj;i’Oun(l. 



Fi«. 45. 
Hail A 


Courteffy of the f ^»S'. \Y .B. 

C a)inpai'ison of lu'ii oj!;g and hail. Hail storm at Girard, Illinois, 
August Id, 11)29. 


Ice balls, or broken portions of balls, the; diameter of which 
ranges from 0.20 inch to 2 inches or larger, which either fall de- 
tached or in irregular lumps. On the ground they may fuse into 
irregular lumps. riu;y are either largely transparent or composed 
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of alternating clear and opaque, snowlike layers, the clear layers 
being at least 0.04 inch in thickness. 

This hydrometeor is distinguished from A (small hail) not only 
by difference in size and structure but also by the fact that it falls 
almost exclusively in thunderstorms and when the surface tem- 
perature is considerably above freezing. Ordinarily occurs with 

• • 

rain, in which event the symbol would be or as A showers. 

Intemilies 

Light Fall resiri(!tcKl to a ftiw scattered stoiuis. 

Moderate Fall is sufhcierit to cause a medium rate of a(‘ciimula- 
tiori on the ground. 

Heavy Fall is such as to cause rapid accumulation on the 

ground. 

Precipitation Which Does Not Fall in Showers 
Drizzle ^ 

Rather uniform precipitation consisting excdusively of minute 
and very numerous drops of water (diameter less than 0.02 inch) 
which seem almost to float in the air, and thereby visibly follow 
even slight motion of the air. This must not be confused with 
light rain. (See rain.) 

This hydrometeor usually falls out of a low, rather continuous 
and thick layer of stratus clouds which may even touch the earth. 
In cold weather the layer may be thin. It is not to be confused 
with the very small but scattered droplets which fall at the for(^- 
most edge of a general rain area. 5 (drizzle) does not usually 
occur with showery weather; when showers do occur during drizzle 
they are the result of instability above or below the warm, moist 
layer where the drizzle is forming; therefore, even the finest rain 
from shower clouds must not be recorded as 9 (drizzle). Along 
west coasts and particularly in mountains, 5 (drizzle) may some- 
times produce considerable amount of precipitation (as much as 
0.04 inch per hour). This hydrometeor is associated with = 
(fog); in fact, the two often occur simultaneously. Therefore 
5 (drizzle) is characteristically accompanied by poor visibility, 
and this criterion should be used in distinguishing it from fine rain. 
Drizzle most commonly occurs when a relatively warm, moist 
layer of air flows over a cooler surface layer of air or cooler ground 
(or sea) surface so that condensation ensues in the moist air, with 
formation of low stratus clouds, often with fog. If the warm air 
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in question is an unstable, turbulent layer of high humidity near 
the surface, the condc^nsation generally takes place more exten- 
sively and the precipitation is heavier than otherwise. This also 
tends to be true when the motion of the moist air is upward along 
an upsloping cooler surface layer of air or upsloping ground. 

Intensities 

Light When drizzles is pn'sent and visii)ility is mile (3,300 

or more. 

Moderate When drizzle is present and the visibility is •’fg mile 
(1,650 feel) to (but not including) mile (3,300 
feet). 

Heavy WIkmi drizzle is present and the visibility is less than 

16 rnihi (1,650 f(‘et). When drizzle occurs with visi- 
bilities less than •'>i6 mile (1,650 feet), fog is usually 
present and the pluaiomena would then be recorded 
fog and drizzle. 

Ice Crystals ^ 

Small or tiny unbranchod ice crystals in the shape of staffs or 
plattis, often so small that they seem to float in the air. 

This hydrometeor is either an ice fog so thin that it scarcely 
affects the visibility or a type of active precipitation often with 
other forms (set^ note under snow). As an ice fog it is observed 
only during extremely cold, winter weather. It glitters in the sun- 
shine, whence it is sometimes called “diamond dust.” It often 
gives rise to sun pillars or to other halo pht^nomena. This should 
be distinguished from light ice fog by the greater visibility. 

Miscellaneous Phenomena 

Other phenorntma which may be included as part of a meteor- 
ological observation may be listed under three general headings: 
(a) water (liquid or solid) deposits on the ground or objects, formed 
by condensation, freezing, or sublimation; (h) electrical and sonic 
phenomena; (c) optical phenomena. 

Water (liquid and solid) deposits 

Dew 

Water drops deposited by direct condensation of water vapor 
from adjacent clear air, mainly on horizontal surfaces cooled by 
nocturnal radiation. 
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When tropical maritime air blows against cold surfaces, a de- 
posit of water drops is formed. This is called ^Svind dew.^’ 

Frost ' 

Thin ice crystals in the shape of scales, needles, feathers, or 
fans, deposited by sublimation under conditions similar to dew 
formation, except that temperatures at or below 32° F. must pre- 
vail at surfaces where ' — ' is deposited. (Sublimation: To pass 
directly from the gaseous to the solid state without apparently 
liquefying.) 

Inlerusities 

Light Frost Surface objects, veg(;tation, ('t(\, covered witli a 
thin dt5i)osit of frost which in agricultiinil ni(d,(‘or- 
ology is understood to hav(5 no d(istni(;tive effect, 
on veg(;tat ion, (^x(H^pt to tender plants and vin(‘s. 

Heavy Frost SurfacH^ ol)jects, vegetation, (it(\, covered with a 
copious deposit of frost which in agricailtural me- 
teorology is understood to be more destructive to 
vegetation than light frost,, but which, howev(U’, 
may kill some Umder staple products but not all 
sta|)le products of the locaility. 

Killing Frost Understood in agricultural meteorology to be a de- 
posit of frost on surface objeuds, vegetation, etc., 
accompanied by a tc^mperature low (mough to be 
destructive to v(^gel,ation and staj)l(^ ])roducts. 

It is ordinarily determiiuHl by th(‘, destr\K*tive 
effects on vegetation and staple croj)S, but,, wlu^n 
the stapl(5 (Tops have passed tlui stages wIku’c in- 
jury is possible, the killing int,(uisity of the frost 
must be determined by tlui lu^aviness of the de- 
posit and t,h(i minimum temperature. 

Sometimes temperatures b(‘Jow freezing and s(;v(‘j(‘, 
enough to destroy v(;g(d,ation, including staphs 
crops, occur without an actual deposit of frost 
crystals. (This is sometimes called “black frost.”) 

The (;xa(!t, nature of the degree of S(i verity of 
“luiavy” and “killing” frost may not be immedi- 
ately determinable, depending in some circum- 
stances on the previous weather. If previous 
weather has been warm and g(‘n(irally favorable 
for growth of crops, they may be in a succukait 
condition and more susceptible to damage from a 
temperature only slightly below freezing. On the 
other hand, if the pnwious weather has favored 
dormancy in the spring or rapid maturity in the 
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fall, crops may be al)le to withstand lower tem- 
pc^ratures without appreciable harm. Also, in 
the driiir, or semi-arid, section of the country, 
low(T temperatun's may not. cause as serious harm 
as they would in more humid regions. 

Soft Rime V 

AVI lito hiyt'rs of ice crystals deposited (Iniilt up) chiefly on 
vtn’tical surfa(‘es, especially on points and edges of objects, gen- 
erally in su])crcooled ^ (fog) or = (light fog). On the windward 
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are mixed to some extent with the frozen fog or cloud droplets. 
Rime feathers often become impregnated with blown snow, mak- 
ing a more friable deposit that feels “greasy^^ between the fingers. 
(Supercooled: Cooled below the freezing point without solidifi- 
cation.) 

Hard Rime V 

Opaque, granular masses of ice deposited (built up) chiefly on 
vertical surfaces in ^Svet fog’^ at temperatures below 32® F. thus 
getting a more compact and amorphous structure than soft rime, 
analogous to that of small hail. 

There are all graduations between hard and soft rime. Hard 
rime will build out into the wind in glazed cones or feathers. 

(ilaze 

Homogeneous, transparent ice layers which are built up on 
horizontal as well as on vertical surfaces either from supercooled • 
(rain) or 5 (drizzle), or from # (rain) or ^ (drizzle), when the 
surfaces are at temperatures of 32° F. or lower. 

It often forms a matrix for sleet pellets that fall at the same time. 

Electrical and sonic phenomena 
Thunderstorm ("^ 

Thunder heard and lightning seen at the station, with not more 
than 10 seconds^ difference of time. 

A thunderstorm occurring within 2 miles of the station, regard- 
less of whether lightning is seen, so long as thunder is heard, shall 
be considered in this category and shall be recorded by the symbol 
n^. Observers will be guided by the above stipulations whenever 
practicable. Where the time difference is not ascertainable, the 
observer will be guided by his judgment of the distance of the 
storm from the station. Sometimes the sound of the thunder 
itself will be the only guide, sharp thunder without rolling or 
rumbling indicating a thunderstorm in the close proximity of the 
observer. 

Distant Thunderstorm 

Either thunder and lightning in the distance (time difference 
greater than 10 seconds) or thunder, but no lightning, at the sta- 
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tion (where the tlmiKlei-stoiTn is more than 2 miles from the 
station). 

Observers will be oiiidi'd by the stipulations given above when- 
ever practicable. If thunder is heard, Init no lightning seen, the 
observca- will b(‘ guid(‘d by his judgment of th(' distance of the 
storm from the station. If the observe]* can determine that the 
storm is clearly 2 miles oi* moie from the station, it should be called 
a distant thunderstoi-m. 

Disldtil Lffjhtning 

Distant lightning without thuiKha* audi])le at the station. 
Tornadoes 

Tornado woatlu'r may be described as sticky, sultry, and op- 
prc'ssive, with gcMU'rally southerly winds. An hour or two before 
the tornado, a tojjsyturxy sky of clouds appears which crazily 
bulges down instead of u[). To the west and northwest, great 



Courtesy of U.S.W.B. 


Fig. 47. Tornado forming and in proji;n‘ss. Pictun' at right .shows tornado 
striking farinhoiisc*, which ai)pcars to explode. Photograph by Mrs. Roy 
Honu'r at ( lothi'iihurg, N(‘braska, autumn, 1930. 

thunderstorms appear to be approaching. The towering thunder- 
clouds have an ominous a|)peai*ance — the color is often described 
as a sickly greenish black, and the lower clouds are generally 
visible in ra|)id and confused motion. Then, out of the base of 
this dai*k thundercloud, a ropelike funnel cloud reaches towards 
the earth spinning counterclockwise. The funnel varies greatly 
in apix'arance. Often it is a sort of thin, dangling rope; some- 
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times it resembles a gigantic “elephant^s trunk^^* and occasionally 
it resembles a fairly wide and solid-looking funnel. The air whirl 
around the funnel emits a roaring noise that has been compared 
to the roar of hundreds of airplanes in flight or scores of freight 
trains going through a tunnel. 

The time of day most favorable for tornadoes is midafternoon 
to early evening, and they generally occur during the spring and 
summer months. They may, however, occur at any hour and dur- 
ing any month of the year. 


Optical phenomena 
Exceptional Visibility 0 

Unusual clearness and transparency of the atmosphere; distant 
objects and their details stand out in full replied from tlu^ back- 
ground with great sharpness and distin(*tness, without any soften- 
ing veil at 6 miles or more. 

Sometimes the air is clear enough to p(U‘mit promiiKuit objects 
to be seen even at 100 miles. 

Solar Corona or Lunar Corona 0 or KV 

Luminous ring directly surrounding a luminary (sun or moon), 
of a radius seldom exceeding a few degr(H\s, its inner part Ixdng 
bluish, whitish, or yellowish, or showing (faintly) as a whole all 
the spectral colors; in the last case, however, the red colors always 
occupy the outer part of the phenomenon. 

Sometimes one may observe several repetitions of the spectral 
colors, or portions of them, which may be somiiwhat irregularly 
distributed, in which event it is called iridescence. Solar coronas 
or lunar coronas are formed by the diffraction of the light from the 
luminary by water droplets. 

Solar Halo or Lunar Halo 0 or ^ 

Luminous ring around a luminary (sun or moon) at a distance 
of about 22°, mostly whitish, but sometimes showing spectral 
colors, when the inner edge of the ring is always reddish or brown- 
ish, the other colors following in the outer parts of the ring and 
generally being less prominent. 
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Inside the ring the sky is darker than outside it. Solar halo or 
lunar halo is formed by refraction of the light from the luminary 
in ice crystals. 

This description applies only to the 22° halo. The other phe- 
nomena, such as the 46° ring, parhelia, and tangent ar(;s, should 
be described in ordinary language. 

Fog Bow ^ • 

A whitish, semicircular arc, or portion thereof, seen opposite the 
sun in fog. Its outer margin has a reddish and its inner a bluish 
tinge, but th(^ middle of the band is (juite white. 

A supernumerary l)ow is sometimes seen inside the first and with 
the colors n' versed. The bows are produced in the same way as 
the ordinary rainbow, but, owing to the smallness of the drops, 
the colors ov('rlap and the l)ows appear white and the radius is 
smaller than that of the ordinary rainbow. 

Rninlmv 

A semicircular arc or portion thereof seen opposite the sun in 
rain, usually exhibiting all the primary colors, the red being on 
the outside. 

In addition to tlu^ internal refl('(*tion within the rain drops whi(*h 
gives the primary bow, a second internal reflection often produces 
a secondary bow outside the primary on(\ In this case the colors 
are reversed and the space between the inner and outer bows 
appears darker than the space inside the primary bow or outside 
the secondary bow. 

A urora ^ 

A luminescence, usually seen in the northern skies in lower 
latitudes, but overhead, or e\'en to the southward of the zenith, 
in higher latitudes. The aurora may take many forms such as 
arcs, rays, curtains, or coronas. It is usually whitish but may 
have various other colors. 

The name ^hiorthern lights^ ^ is frequently given to this phe- 
nomenon. In lower latitudes it may be accompanied by a 
magnetic storm. The lower edges of the arcs and curtains of 
the aurora are usually fairly well defined, but the upper edges 
are ill defined and look like the brush discharge of static 
electricity. 
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HYDROMETEOR SYMBOLS 


Aurora. 

Corona, Solar. 

Corona, Lunar. 

Dew. 

Drizzle. 

Dust. 

Dust storm. 

Fog, light. 

Fog, moderate. 1 
Fog, heavy. | 

Ice fog. 

Fog bow. 

Frost. 

Glaze. 

Haze, damp. 

Haze, dry. 

Hail. 

Hail, small. 

Halo, lunar. 

Halo, solar. 

Ice crystals. 

Lightning, distant. 

Rain. 

Rain and snow, mixed. 
Rainbow. 

Rime, hard. 

Rime, soft. 

Sand storm. 

Showers. 

Sleet. 

Smoke. 

Snow. 

Snow, blowing. 

Snow, drifting. 

Snow grains. 

Snow pellets. 
Thunderstorm. 
Visibility, exceptional. 


Popularly called “Northern Lights.’^ 

Luminous glow around the sun. 

Luminous glow around the moon. 

Condensed water on grass, stones, etc. 
Pre(!ipitation of small wator droplets. 

Presen (;e of dust in the air. 

H(5avy blowing dust. 

Fog with visibility mile or more. ‘ 

Fog with visibility less than mile. 

Fog of ice crystals or spicules. 

Arc .sometimes setui in fog opposite sun, color- 
less. 

Ice (crystals deposibul on grass, stoiuis, etc., 
wluui txuniKiratures are 32*^ or lower. 

Ice layers fornw^d from super-cooled rain or 
drizzle. 

Like a very thin fog, visibility usually over 
1 34 niiles. 

Very fine dust in air; air seems smoky or opal 
escent. 

Iccballs, usually fall in thunderstorms. 

Small ic(5balls, usually appear glazed. 
Luminous ring around tlui moon. 

Luminous ring around the sun. 

Fine ncHulkvs of i(H; floating in the air. 
Lightning in the distan(;(5, without audibki 
thunder. 

Precipitation of fairly large water drops. 
Precipitation of rain and snow t-oget^her. 
Colored arc .seen opposite th(^ sun in rain. 
Opaque masses of ice built up on objects. 

Ice cry.stals built up on objects. 

Heavy blowing .sand. 

Irregular falls of hydrometeors, rain, hail, et c. 
Precipitation of \v,v, piilhd-s or frozen rain drops. 
Particles of foreign matbir in the air from 
(;oml)ustion. 

Precipitation of hexagonal crystals or flakes. 
Snow driven up in the air by the wind. 

Snow driven along the ground by the wind. 
Flattened or oblong grains of snow. 

Small, round, crisp pellets of snow. 

Thunder and lightning in the vicinity. 
Unusual clearness and transparency in the air. 
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Units of Temperature 

Temperature is defined as the thermal state of an object which 
enables it to communicate heat to other objects. Temperature 
changes which are effected by loss or gain of heat may be detected 
by changes in volunu^ of liquid, solid, or gas, changes of state from 
solid to liquid, liciuid to gas, or solid to gas, and change of elec- 
trical resistance. 

Two basic scales of temperature are used in meteorology, the 
Centigrade and the Fahrenheit. 

They may be compared at fixed points, such as the temperature 
of melting ice and the temperature of the vapor of boiling water 
at a pressure of 14.7 pounds per square inch (1,013.2 millibars). 


TABLE VI 1 


Temperature Scale 
Fahrenheit '’F. 
Centigrade °C. 
Centigrade ] 

Absolute °A. \ 
Kelvin °K. J 
Fahrenheit 1 

Absolutes °A. I 
Rankin °R. J 
Reaumur * °R. 


Ice Point 

Boiling Point 

32° 

212° 

0° 

100° 

273° 

373® 

492° 

672® 

0° 

80° 


* Used in old records from some European countries. 


For computations and in upper-air work the absolute scale of 
temperature is used. This is based on absolute zero temperature 
(lowest temperature physically possible) expressed in terms of 
the temperature scale used in computations. 
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The formula for conversion from Fahrenheit to Centigrade is 
C° = f (F° - 32°) 

Mb:teorological Temperatures 

Almost everyone knows that air temperature near the ground is 
measured as a part of ordinary weather observations. When we 
say that it was a hot day or a cold day we are referring to the 
temperature of the air to which we are exposed. The meteorolo- 
gist who wishes a complete description of the state of the atmos- 
phere also requires temperature observations of the upper air. 
As ground or water surfaces affect the temperature of the lower 
air, temperatures of the soil or snow at various depths, and of water 
near the surface of the oceans, lakes, and rivers, are also required. 


Thermometers ^ 


Three principal types of thermometei's are used in meteorolog- 
ical work. They are: 


Liquid 

D(;f()rmal,ion 

EUi(;trical 


Mercury in glass 
Alcohol ill glass 
Mercury in steel 
Bourdon tube 
Bimetallic 
Resistance 
Therm()(d(;(;tric 


Most commonly used are the direct-reading liquid types. The 
deformation thermometers are used principally in thermographs 
for recording temperature. The deformation of the bimetallic 
strip or Bourdon tube causes a pen to move on a graph mounted 
on a drum which is turned by clockwork; a continuous record of 
temperature may be obtained in this manner. Electrical ther- 
mometers are used for distant reading. The thermometer’s unit 
may be exposed outside and electrically (lonnected with indicating 
dials in the observatory. 


Selecting the Observation Point 

For temperature measurements of the free air near the ground 
the site should be chosen to conform with the rules given in Chap- 
ter II. It is not desirable to measure temperature on the top of a 
high building. If possible, a grass plot with good exposure to the 
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sky should be selected as the obserV'ation point for locating the 
instrument shelter in which the thermometer is to be mounted. 

For temperature rm^asunaiKaits of tlu^ soil or snow surface a 
point n(uir (but not under) the instrument shelter may be selected 
for convenience. The surface must be exposed to the sky. 

For sea sui'face tcmj)('ratur('s taken at s('a, a tli(‘rniomet(a' may 
be installed in the intake' pii)e of the ship^s cooling system. Another 
method is to take water samples by means of a canvas biu'ket and 
to measure the temi)erature of the water by means of an ordinary 
thermometer. 


'rilKRMOMETKR SllELTER OR SciiEEN 


The thermometer sh('ll('r is used to screen the thermoiiu'ters 
against the direct radiation from the sun and ol)j('cts on tlu' ('nrth, 
and to keep the thermometers 
diy. The shelter is a woodc'u 
box painted white with louN C'i ed 
sides made in such a way that 
air can move through it with 
the greatest possible freedom. 

The shelter should be freely ex- 
posed to sun and wind and 
should not be shaded by trees 
or buildings. 

In tropical counti’ies where 
permanent short gi*ass is not 
available, the thermoni('t(‘rs are 
hung in a wire cage within a hut 
which shaxles the ground below 
the instruments but allows a 
free cii*culation of air. 

The thermometers should be 
installed at a central point 
within the shelter whi(‘h will 
place them 4 0 inches^ above 

the ground. 

The opening sid(i of th(^ shel- 
ter should be to the north (in 

the northern hemisphere) to avoid the effects of the sun showing on 
the instruments while the observations are being made. 



U.S.W.B. pholuuraph. 

Fig. 48. View of therinonieter.s in- 
side instrument slielter. 
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The thermometer or instrument shelter may contain the fol- 
lowing instruments: 

Dry-bulb thermometer. 

Wet-bulb thermometer. 

Maximum thermometer. 

Minimum thermometer. 

Thermograph. 

Hygrograph. 

There should be a space of at least 3 inches between the bulbs 
of the thermometers and the top, bottom, or sides of the shelter. 
The thermometers should be arranged so that all parts of their 
scales may be read without moving them (except the whirling 
psychrometer). The maximum and minimum thermometers 
should be clamped down so that strong winds cannot shake them, 
as vibration may displace the indexes, 


Reading the Thermometers 
Degree of Accuracy Hequired 

To obtain satisfactory values for humidity calculations the 
difference between wet- and dry-bulb temperature readings must 
be known to tenths of a degree Fahrenheit. The normal small- 
scale fluctuations in air temperature near the surface may be as 
great as plus or minus 1® in 1 minute. The lag of the ordinary 
thermometer will smooth out most of the fluctuations, and the 
reading will give a fairly representative value of the temperature. 
For air temperature values alone, the thermometer should be 
read to the closest degree Fahrenheit without estimating 
tenths. 

For soil and snow surface thermometers the reading should be 
to the nearest tenth of a degree. 

Position for Reading the Thermometer 

As the mercury column and the scale of the thermometer are 
separated by the thickness of glass of the tube, an error, called 
parallax error, may be made if the eye is not level with the top of 
the meniscus. To avoid the error the line of sight from the eye to 
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Reading the Thermometers 

the top of the mercury column should be at right angles to the 
stem of the thermometer (Fig. 49). 

The thermometer should be niad as rapidly as possible in order 
to avoid temperature changes caused by heat from the body; 
also, the observer should stand 
as far from the thermometer as 
accurate reading of the scale 
permits. 

When observing by artificial 
light at night, care should be 
taken to avoid heating the ther- 
mometers with the lamp. 

Estimating Tenths of Degrees 

Most thermometers are 
marked in whole degrees, and 
it is necessary to estimate 
t(^nths of a degn^e by making 
imaginary divisions of the space 
Ix^tween degree marks. 

Thermometer Corrections 

Thermometers used by the United States Weather Bureau arc 
calibrated by comparison with standard thermometers, and a 
correction card is furnished for each thermometer. 

The corrections from the card are applied algebraically; that is: 

1. When the signs of the correction and of the temperature are 
the same, add the correction to the reading and prefix their com- 
mon sign. If the correction for a temperature reading of +80° F. 
is +0.2° F. then the corrected temperature is +80.2° F. 

2. When the signs of the correction and of the temperature 
readings are different, subtract the correction from the tempera- 
ture reading and prefix the sign of the larger. If the temperature 
reading is +0.1° F. and the correction —0.2° F. then the cor- 
rected temperature is — 0.1° F. 

All tlun-mometers used by the United States Weather Bureau 
are stem-graduated by the maker. The freezing point, 32° F*. or 
0° C., is found by immersing the bulb and most of the column of 
mercury or spirit in a bath of pure melting ice. The calibration 
card is prepared by placing the thermometer in a temperature- 


Reading 

79.0* 



Fia. 49. I^’.rrors (lut‘ to parallax in 
reading tlK'rinoineters. 
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Mnxirniini T her'irurmeter 

The instrument dilTers from an ordinary rnereurial thermometer 
in having the bore of tlu^ tube eonstriebnl near the ])ull) so that 
mereury forced above the constriction ])y a rise in tcunpc^rature 
after setting cannot readily ndurn to the bulb. Maximum ther- 
mometers are filled with pure mercury at a temperature nearly 
ecpial to the higlu'st tempc^rature it can record. The space above 
the column at lower t('mperatui*es is therefore free of air. Tlie 
maximum temperature for a given period after setting is found by 
carefully lowering the thermometer Inilb to a vertical position and 



Fig. 51. 'I'ownsi'iid suj)port for maximum and minimum lln'miomotors. 

r(‘ading the scale opposite th(‘ top of the mercury (*olumn. The 
tliermometi'r is reset by whirling it until no further whirling will 
force the mercury farther into the bulb. It is tluui mounted with 
the bull) o'" above the horizontal. The thermometer is ludd firmly 
by a Townsc'iid sui)port or .similar d(n ice which may l )e disengaged 
for whirling (Fig. ol). 

If th(' thermometiM’ is ludd in a horizontal ])osition and then 
alternately tiltc'd, first with the bulb higher than the stem and 
then with the bulb lower than the stem, it will be noticed that the 
thread of mercury may be made to How to either end of the tube 
as desired. 

Jdx])erience has shown that, in spite of every care in the inspec- 
tion and testing of maximum tlu'rmometers, they will, if exposed 
vertically, sometimes fail to record the maximum temperature; 
that is to say, the constriction in the bore of the tube is not suffi- 
ciently fine to hold the mercury at the highest point reached, and, 
when the temperature falls after reaching the maximuni point, 
the mercury in the column of the thermometer withdraws into 
the bulb and the record of the maximum temperature is lost. 
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When this occurs in the normal position, the thermometers are 
said ‘^to retreat^^ and are called “retreaters/’ 

A good maximum thermometer may be made a retreater by 
whirling it too violently. 

Since it is known that a maximum thermometer may become a 
retreater without that fact being noticed, the safest procedure is 
to mount it with the bulb a little higher than the stem, as shown 
in Fig. 51. The support is so made that the angle of elevation of 
the thermometer back is 5°. In this position the column of mer- 
cury is not under pressure, and when the thermometer is lowered 
gently to reading position it will rarely fail to record the highest 
temperature reached. 

When it is desired to make a reading, the thermometer must be 
slowly and carefully lowered to a position in which the mercury 
first comes to rest on the constriction. This reading position, or 
angle, is not the same for all maximum thermometers but must be 
determined by the observer watching the manner in which the 
mercury flows in the tube at different angles of elevation. ( Jreater 
care must be used at high temperatures because of the relatively 
greater weight of the long column of mercury. 


Minimum Tempekaturk 


Definition 

Minimum temperature is the lowest air temperature recorded 
during a fixed period. It may be obtained from thermograph 
readings or minimum thermometer readings. Minimum tempera- 
ture of the air at the ground may also be obtained by placing the 
thermometer bulb at ground level. 

Minimum Thermometers 

Minimum thermometers provide a record of the lowest tempera- 
ture occurring at the place of exposure from the time of setting 
until read. Uncolored ethyl alcohol is generally used to fill the 
tube, an operation which is done with the bulb immersed in a 
mixture having a temperature of nearly 0® F. Air is drawn into 
the tube at this relatively low temperature, and the tube is sealed. 
At higher temperatures the air exerts a pressure considerably in 
excess of that of the atmosphere. The excess largely prevents 
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the diffusion of alcohol vapor into the air above the column and 
its subsequent condensation, thereby considerably increasing the 
accuracy of the thermometer. To provide against excessive 
internal air pressure at high temperatures, a small bulb is blown 
in the upper end of the tube. The bore of the tube is larger than 
that of a mercury thermometer to provide sufficient room for the 
index. This is a double-ended piece of dark-colored glass, se 
shaped as to follow the movement of the upper end of the alcohol 
column as the temperature falls, but to remain at the lowest point 
as the alcohol flows over it when the temperature rises. As shown 
in Fig. 51, when in the set position the thermometer is placed with 


5 6 


19 l( 

5 


1 1 1 

1 

1 1 1 








ftmn 

■■I 




□ 


Fig. 52. Minimum thermometer stem and index. 


the bulb end about 5® below the horizontal. A scale reading at 
the (iiid of the index farthest from the bulb is the lowest tempera- 
ture at tlie place of exposure since the instrument was last set. 
The thermometer is set by turning it into a vertical position in 
the support, with bulb uppermost, when the index will fall to the 
end of the column and indicate the current temperature. The 
thermometer is then returned to the original position. 

Usually the index will slide freely up and down the thermometer 
tube when one end of the tube is raised or lowered. Sometimes, 
however, and especially after the thermometer has been shipped, 
the alcohol column in the tube becomes broken up into short, 
detached segments and the index is frequently caught and held. 
To remedy this sometimes proves to be a difficult operation. Of 
course the thermometer cannot be used until the column is re- 
united. Observers are urged to learn and follow the instructions 
giv^en below, and to noti(‘e (*arefully the several effects described 
so that when it becomes necessary to unite detached (*olumns the 
danger of breaking the instrument may be avoided. 

The fact that the vapor of alcohol condenses in the upper end 
of a minimum thermometer has always been a source of trouble 
to those who handle a considerable number of the thermometers. 
Manufacturers seal off minimum thermometers under considerable 
air pressure in order to lessen the probability of separation; but it 
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is apparent that a marked fall of air temperature produces condi- 
tions favorable for condensation of the vapor of the alcohol, owing 
to a lessening of internal pressure, which in turn is due to the in- 
creased space above the column. 

Under these circumstances, a good minimum thermometer may 
be misjudged as defective, when all that is needed to correct the 
condition is to reunite the column, and then to hang the instru- 
ment in a vertical position for an hour or more so that the alcohol 
adhering to the walls may drain down. The test for the success 
of the effort is simple: merely set the thermometer, immersed to 
the reading point, in melting, shaved, pure i(*e, or in melting snow. 
Within an hour or so it should read very close to 32°. 

The many different ways in which an alcohol column may be- 
come separated make it impossible to unite it by any single method. 
Different processes are recjuired not only for different conditions 
but also for different thermometers. Frequently, when there are 
only a few short, detached segments near tlu^ top, the index slid(is 
freely along the lower portion of the tube and drops into tlu^ bulb. 
Again, the detached segments may be found distributed along the 
tube with the index caught and held at some point above the main 
column. It is then advisable first to bring the index into the bulb 
as follows: 

FiiiST PROCESS. Hold the thermometer lightly l)etween the 
thumb and fingers and strike the lower end of the metallic s(*alc 
against the top of a padded table or other firm, padded object. 
One or two thicknesses of cloth or several folds of paper will pro- 
vide a suitable pad to protect the thermometer from too severe a 
shock. The taps of the thermometer should be made lightly at 
first, and the index should be examined to see if it has moved along 
the tube even a slight distance. This can be told by noticing the 
exact position of the index with reference to the graduations on the 
tube or scale. If several taps fail to move the index, increase the 
force of the taps, a little at a time, until it l)egins to move, and 
then repeat the operation until the index penetrates the continuous 
column. Here it will fall of its own weight into the bulb. Usually 
this will be all that is necessary to place the index in the bulb. 
Sometimes, in the process, the detached column will have been 
partly or wholly united also. If the column is still broken in 
places, the observer should try a few more taps, and then examine 
it quickly and carefully. Small portions of the alcohol will gen- 
erally be seen slowly moving along the sides of the tube toward the 
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miiin column, and a continuation of the taps will unite the columns. 
Perhaps 15 or 20 minutes may be required to unite broken 
columns completely. If, however, the index cannot be made to 
move with sharp taps, or the columns (‘annot be united, it is 
advisabki to try some of the methods described below, being care- 
ful always to avoid carrying any process so far as to endanger 
breaking thci th(aTnom(d(a\ 

Second pro(’kss. This process will not loosen the index but 
may unite the d(dached columns. Clrasp the thermometer securely 
a little below the middle, with the bulb end down, and strike the 
edge of the metal back opposite the broken column sharply against 
the fleshy portion of the palm of the otlu'r hand, or, if necessary, 
against a small block of wood held in the hand. A continued 
jarring in this way oftxai causes the al(*ohol to run down, though 
often a large numl)er of taps is necessary. ()l)servers should 
tluux'fore not give up if the column does not unite at once but 
should watch \'ery closely for the movements of small portions of 
alcohol along the sides of the tube. Here, again, care must be 
exercised not to st rike too hard and also to hold the thermometer 
by the metal back in such a maniu'r as not to squeeze, or press 
against, the stem of the thermometer itself. When the bore of 
the theriuometer is large, this process is almost sure to unite the 
column, (lood results are also obtained with thermometers of 
fine bore, although these, even in skilled hands, often require a 
half hour or more if the column is badly detached. 

Third process. This process is sometimes effective in forcing 
the index into the bulb when other processes fail. Grasp the 
thermometer a little above the middle, clasping the fingers and 
hand firmly against ilie edges of the metallic back, but not so hard 
as to bring any pressui*e upon the glass tube, which should be 
turned toward you with the bulb uppermost. Holding the ther- 
mometer in this position at about the height of the head and with 
the arm free from the body, quickly lower the arm and hand a 
foot or more and turn the wrist at the same time so that the bulb 
of the thermometer describes a somewhat circular path downward 
through the air. Stop the motion with a sudden jerk just as the 
thermometer reaches the vertical. If the thermometer is grasped 
Xiroperly, a very violent motion can be given it in this way without 
danger of breaking it. It will sometimes be necessary to repeat 
the operation a considerable number of times to unite the detached 
columns entirely. 
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Fourth process. A modification of the swinging process just 
described consists in whirling the thermometer rapidly on a short 
string. For this purpose a stout, doubled string is passed through 
the hole in the top of the metal back of the thermometer. The 
string is firmly grasped at a distance of 6 or 8 inches from the 
thermometer, wfiich may then be given a very rapid whirling 
motion, (k)nsiderable care and practice are required to whirl the 
thermometer rapidly and stop it safely. This method will, how- 
ever, often bring down the index and unite detached columns. 

If observers are unsuccc^ssful after carefully following the above 
instructions, the matter should be reported to the manufacturer 
with full particulars as to wliat has been done. 

Testing minimum thermometer. One or more of these proc- 
esses should nearly always be sufficient to unite any detached 
column. When all the segments have been reunited and the index 
is properly placed, tlie th(umonuvter may be checked for proper 
functioning and its operation notiMl as follows: Hold the thermom- 
eter vertically and warm the liull) by holding it in the hand ; then 
turn the instrument upside down. VVat(‘h the index as it glides 
along the tulie; when it strikes the top of the column it will come 
to a stop. The operation of liringing th(^ index to the top of the 
column is called ^^setting^^ the thermometer. In practice, of 
course, it is done without warming the bulb. 

Next hold the thermometer horizontally. As the bulb cools 
off, the index will be dragged backward toward the bulb by the 
top or end of the alcohol (*olumn. It is a good plan to hasten the 
cooling by placing a little wet cloth or {)ie(*e of ice against the bulb. 
When the movement of the index ceases, warm the bulb again with 
the hand. The column will go up immediately, but the alcohol 
will flow around the index and leav^e it unmoved at the lowest 
point; that is, the index nanains so that its top end is at the lowest 
point reached by the alcohol column, and the minimum tempera- 
ture is indicated in this way. The thermometer must be held 
horizontally throughout these operations. 

When the thermometer is not in use for observation, it is a good 
plan to hang it up, as bubbles are less likely to form in the tube 
in this position. 

The thermometer should also be maintained in a vertical posi- 
tion for several hours after a broken column has been united to 
permit any alcohol clinging to the sides of the bore to drain down. 
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Theumoghaph 

Types 

'Jliormographs are of two types: those that are exposed and 
record in the instrument shelter, and those that are distant reading 
with a thermometer ek'inent exj^osed in the shelter. In the latter 
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type, tile n'cord of temiK'ratiire is transmitted to a recording device 
at a distance', usually in tlu' ohsc'rvatory. 

In most ('xposed thermographs the th('rmometer consists of a 
slightly curve'd metal alcohol-filled tulie called a Bourdon tube. 
Th(' curvature' of the tube (*hanges with changes in temperature. 
One ('11(1 of the tube is rigidly fixed to the instrument case; the 
()th('r end is connected by levers to a recording pen. A clo(‘k- 
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rotated drum covered with re(;ordiiig paper receives the ink trace 
of temperature variations. 

A second type has a bimetallic strip curved into a spiral and 
anchored at one end to the case. Variations in temperature causes 
the coil to wind or to unwind. The movement is communicated 
by the other end of the coil to a pen arm that bears on the record- 
ing paper. 

Distant-reading thermographs are of two types. In one the 
thermometer bulb is about 12 inches long and 1 inch in diameter 
and contains mercury. A capillary tube connects the thermometer 
to a Bourdon tube on the recorder. The n^cordei’ is temi)eratiire 
compensated so that the true remote temperature only is recorded. 

Another type of distant-reading thermogT‘aph us(\s a tul)e filled 
with vapor between the thermometer bulb and the recorder. 

Care and Maintenance of Recording Device 

There arc only a few pointers on how to obtain good results with 
recording instruments. 

1. Check the (dock for accuracy. Make ne(*essary adjustments 
to keep it running and to make it k(K^p correct time. Always 
make a time mark on the sheet of recorder paper when phudng it. 
on the drum, and again when nanoving it. A shecd. that runs for 
several days may recpiire several interm(Kliate time (diecks. Wind 
the cloc^k carefully at each change pcaiod. 

2. Place the sheet firmly around the drum and witii the lower 
edge pressed tightly against the lip. Sheets are printed to read 
correctly only when this is done. 

3. Clean the pen carefully and renew the ink at each change 
period. Some ink-and-paper combinations make it necessary to 
check the ink supply between paper changes. 

4. To set the pen at the cornict time, place the clock and drum 
on the shaft with the pen at the approximate time and then turn 
the cylinder forcibly, in a counterclockwise direction (as vienved 
from above), to take up all play until the pen reads correctly with 
respect to time. 

The best time to check the temperature record is close to the 
time of minimum temperature, as the temperature is changing 
slowly and the differences of lag between the comparative ther- 
mometer and the element of the thermograph will be of least 
consequence. 
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Definitions 

Water exists in the atmosplu'ie in three states: liquid, solid, and 
gaseous. Th(‘ liquid form is rain, water clouds, and fog. The solid 
consists of snow, liail, and ice-crystal clouds. Humidity measure- 
ment is a method of expressing the amount of invisible or gaseous 
water vapor in the atmosphere. 

Experiment has shown that there is an upper limit to the amount 
of water xapor that can be contained in a given space at a gi\'en 
tempei’atur(‘. Watc'r vapor mixes with dry air and acts as an inde- 
pciiident gas. Wo may speak of the pressure exerted by the dry 
air, and of the pressure exc'rted by the water vapor, or vapor 
pressure. WIh'ii a given space contains the maximum amount of 
water vapor at a given temperature, tlu^ pressure exerted by the 
water vapor will also be tlu' maximum and the spa(‘e will be satu- 
rated. The saturatinl vapor pressure increases rapidly with in- 
creasing temi)eratui*e. Ih'fore discussing methods for measuring 
humidity let us consider the various humidity definitions. 

Vai*ou pitEssxTUE (c) is the partial pressure exerted by the water 
vapor. The total pressure measured by a barometer is made up 
of the sum of the partial pressure of dry air and the vapor pressure. 
If the air is not saturated the vapor jiressure (c) will be less than 
the saturation vapor pressure (c.s) for a given temperature. Vapor 
pressure may be expressed in millibars or other pressure units. 

Relative humidity (/) is defined as the ratio of the actual 
vapor pressure to the saturation vapor pressure at a given tempera- 
ture. It is expressed in percentage in a scale from 0 per cent for 
air with no w\ator vapor to 100 per cent for saturated air. 


/ = 


c 


(c,s. with n'spect to water at temperatures above and 
below 32^ F.) 
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Absolute humidity is the density of water vapor and is usually 
given in grains per cubic foot (7,000 grains = 1 lb.) or in grams 
per cubic meter. It is the amount of water vapor per unit volume. 

Dew point (D.P.) is the temperature to which the air must be 
cooled at constant pressure to saturate it. Dew point is expressed 
in degrees Centigrade or Fahrenheit with respect to water. 

Specific humidity {q) is the ratio of the density of the water 
vapor to the density of the mixture of dry air and water vapor. 
It is expressed in grams per kilogram of mixture. 

A simple formula in which vapor pressure = e and total air 
pressure = p may be applied to obtain specific humidity q, 

e 

q = 622 grams per kilogram of moist air 
V 

Mixing ratio {w) is thci ratio of tlui density of the water vapor 
to the density of dry air. A simple formula 

w = 622 grams per kilogram of dry air 

p — e 

where e is vapor pressure, p is total air pressure, and ()22 is a 
constant. 

Wet-bulb temperature (tw) is the lowest temperature it is 
possible to produce by evaporating water or ice from the bulb of a 
thermometer. For low humidities the difference in temperature 
between a wet-bulb thermometer and a dry-bulb thermometer 
increases with increasing dry-bulb temperature. At saturation 
(100 per cent relative humidity) no evaporation will take place 
and both wet- and dry-bulb readings will be the same. 

An equation may be written in terms of 

e = vapor pressure in inches. 
e' = pressure in inches of saturated vapor at t', 
t = temperature of the air in °F. 

V — temperature of wet-bulb thermometer in °F. 

B = barometric pressure in inches. 

/ 32 \ 

c = e' - 0.000367/i(^ - n ( 1 + ) 



Psychrometers 


115 


The Observation of Humidity 

Obtaining atmospheric humidity measurements requires the 
same type of observation point as that for temperatures. The 
two instruments now in general use for measuring humidity, the 
hair hygrometer and the psychrometer, both require that the air 
should be circulated freely about them during the measurement. 
Both types of instruments are mounted in the instrument shelter. 


Psychrometers 


Ventilated wet- and dry-bulb psychrometers are used for rela- 
tive-humidity observ^ations and to determine tlu^ temperature of 
the dew point. Two types are common. One type is ventilated 
by whirling the thermometers, either by means of a whirling 
apparatus installed in a large shelter or by using a sling psychrom- 
(d('r outside a shelter. The se(*ond type is ventilated by drawing 
air past tlie psychrometer bulbs by means of a small hand-operated 
fan (Fig. 54). The psychrometer fan has come into general use, 
for it is adapted to both airway and cotton-region shelters. Two 
accu rate mercury-in-glass thermometers are always required . 
Those used with the whirling apparatus arc attached to counter- 
balanced arms, which are pinned to a spindle carrying a cast-iron 
pinion, meshed with a bevel gear, turned by an attachcHl crank- 
shaft. The whirling apparatus is securely screwed to the floor of a 
large instrument shelter with the crankshaft projecting through the 
front of the shelter. The proper ventilation of a psychrometer re- 
quires an airspeed past the thermometers of aboutlo feet per second. 

The wet bulb of the psychrometer, and a short length of the stem 
above it, are covered with fine, loosely woven muslin, can^fully 
washed to remo\^e tlie sizing. Before a psychrometric reading is 
made, the muslin must be moistened with pure, clean water. The 
muslin must be replaced whenever it becomes dirty, to insure cor- 
rect readings. To obtain a(*curate readings with a sling psychrom- 
eter, the instrument should be whirled in the shade, and the ob- 
server should face the wind to avoid temperature effects due to 
the heat of the body. When a psychrometer is used, the single 
exposed thermometer may be dispensed with. 

When the relative humidity is low and the temperature is high, 
there will be a large depression of the wet-bulb temperature below 
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that of the dry-bulb. At high relative humidity and low tempera- 
ture the ‘‘depressions^ is small. It is therefore lUHH^ssary to read 
both thermomet(u*s to tenths of a degree, especially when the 
depression is small. 

Several other, more expensive typ(\s of psychrometers opeiate 
on the same ])rinciple as d(^scrib(^d above. The Assmann Psy- 
chroineter has an exhaust fan op(‘rat(Hi by an el(H*tric motor. The 
wet- and dry-bulb thermometers are mounted in an inlet duct 


U.S. W .li. pluttouriiph. 

Hi. r)4. W(‘t- and (Iry-l)ull) |)sy(‘bn)in(‘l(‘r and fan. 


through which air is drawn. In giaieral, the vehxdty of the air 
past the wet bull) is mon^ constant in th(‘ motor-drivcai fan-typ(' 
psyclirometer than in the liand-type, and readings are conscHiiuait ly 
more relial)le. 


CAre of the Wet-bulb Thermometer 

Cleanliness 

The muslin must be kept clean. If it is dirty, the rcnidings will 
not be correc^t, since water will not evaporate at tlu' saiiK' rate 
from dirty as from clean muslin. 
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1. Change the muslin at least once a week. 

2. At coastal stations the muslin should be changed immediately 
after a storm with an onshore wind. 

3. After a dust storm, the muslin should be changed immediately. 

Wetting the M iisliri 

1. Use only soft water, distilled water, or rain or snow water. 

2. jMethods of moistening the muslin at different temperatures : 

(rt) Moderate temperatures above 32° F. (about 37°-70°): 
moisten just before taking a reading. 

(6) Very high temperature and dry air: Wet the muslin 
thoroughly, submerging the wet bulb in the water long enough 
for it to reach e(iuilibrium with the water temperature. Then 
wait a few minutes before whirling. Do not whirl too rapidly. 

(/•) Tcmiperature close to, or below, freezing: (1) Moisten 
the muslin 10 to 15 minutes before taking the reading; if diffi- 
culty is found in obtaining a depression, the interval between 
moistening and Heading may be increased to as much as 30 min- 
utes. (2) Keep the water at room temperature, and, when 
wetting the muslin, make sure that any previous accumulation 
of ice on the bulb is melte^l off. An excessive accumulation of 
ice will act as insulation and prevent the thermometer from 
indicating the actual wet-bulb temperature. 

PSYCHUOMKTIilC TaBLES 

(^ompk^te tables for reducing wet- and dry-l)ulb readings to 
relative humidity and dew point are for sale at the Government 
Printing Office, Washington 25, 1). C.; the title is ‘‘Psy(*hrometric 
Tables for Obtaining the Vapor Ih-essure, Relative Humidity, and 
Temperature of the Dew Point,^^ Publication number W. B. 235.“® 

Hygrometers 

The most common type of hygrometer is made of strands of 
human hairs. The characteristic of hair in elongating as the rela- 
tive humidity increases is utilized as the basis of operation for this 
instrument. In general, the hair hygromeUa* is little used in 
meteorology except in the recording type of instrument. There 
is considerable lag in the response of the hair to changing values 
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of r(‘lative humidity, and this lag iiicrc^ases as the tempei*ature 
lowers. Rapid variations in relative' humidity an^ impossible to 
record because of the slowness of tlu^ hairs’ response. 

Care of the Hair Ilygromeler 

The hairs should be kept clean by removing dust with a soft 
cam('rs-haii’ brush. They may be waslunl with a soft biaish which 
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Pig. 55. Hair hygroj^raph. 

has been dipped in distilled water. Thci bail* strand should never 
be touched with the hand, as greast* and oil |)r(n'(ait tlie hair from 
absorbing moisture. If th(^ humidity is very low for a long pei'iod, 
it is well to expose the hygronudxa- to a satui*at(‘d atmosj^here 
about onc(i a month. 

The Recording Mechanism 

The recording mechanism of the hygrograph operates on the 
same principle as that of the th(‘rmograph, and ofUai the two 
instruments are coml)ined to use the same clock drum and recoid- 
ing sheet. The care of pens and opei*ation of the clock drum 
have been described in the chapter on temperature. 
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DflFINITIONS 

Wind is defined as moving air, and the term is generally limited 
to air moving horizontally, or nearly so; vertical streams of air 
are usually callcHl “eurrents/^ To describe wind at a given time, 
its direction and speed must be specified. 

360® 



180 *^ 

Fig. 50. Directions from point of observation. 

Wind direction is that direction /rom which the wind is moving. 
Direction is expressed in points of the compass or degrees of azi- 
muth as measured from true north (Fig. 50). If the wind is blow- 
ing from east toward the west the direction is regarded as east 
or 90°. 
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Wind direction is indicated l)y an anemoscope or wind vane 
which is designed to point into the wind. Thus the arrow points 
in the direction the wind is coming from. A wind vane pointing- 
eastward indicates an east wind. 

Wind speed is the speed of the air past a given point on the 
eartii\s surface. In the United Statens wind speed is expressed in 
units of miles per hour. In countries using the metric system 
speed may be expressed in kilometers per hour or in inebus per 
second. For navigational purposes, especially by naval units, 
speed is expressed in knots (nautical miles per hour). Instruments 
for measuring wind velocity are calked anemometers. 

(jUstiness. When the wind blows ovin- a rough surface at 
moderate or high speed, small eddy currents arise and are carried 
along with the wind. The eddy currents range in size from a few 
feet to a hundred feet or more in diamet(n\ If the wind spcMnl is 
observed by means of a sensitive anemometer, it will be notic(‘(l 
that there will be periods of low speed and piu-iods of high speed, 
with quite irregular variations between the two. 

A gustiness factor or percentage gustiness is obtained by the 
following relation for a 10-minute period: 

Percent gustiness 


or 


Highest wind speed -- Lowest wind speed 
Avc^rage wind spcHnl 


X 100 


Cf 

^ (luixlmum Ominimiuii i/w\ 

X 100 


Exposure 

The choice of a site for the exposure of the wind instruments is 
most important and may be regarded as of more importance than 
the choice of the wind instruments themselves. 

The ideal anemometer exposure is secured when the instrument 
is placed where the movement of wind is unobstructed from any 
direction, such, for example, as would be obtained in the center of 
a large open expanse or plain. In a perfectly open or flat location 
the standard height of the wind vane and anemometer is 33 feet 
above the ground.^® At most observatories only an approximation 
to the ideal exposure is possible. The location should be such, 
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however, that the instruments are not sheltered by trees or build- 
ings, for eddies or irregular vertical and horizontal air motions 
caused by such obstacles may extend both vertically and hori- 


zontally great distances and af- 
f('ct the accura(‘y of the wind 
data. In a city, the anemometer 
should be exposed above a high 
building in the vicinity of the 
oliservatory and as far as prac- 
ticable above the immediate in- 
fluence of the building itself. 

Wind-Instrt^ment Support 

When an ideal exposure is 
not possible, wind instruments 
are usually suiiported by an 
iron pipe, 12 to 18 feet in 
length. The pipe should be 
fastened securely to a base 
plate fixed to a roof or to a 
platform and held in a verti(‘al 
position by at k^ast three' guy 
rods (Fig. 58). To afford ac- 
cess to the top of the support, 
steps or foot rests should also 
be provided. 

The Wind Vane 

‘ The point of reference of the 
wind vane, true north, should 
l)e established by orientation 
methods (k'seu’ibed in Chapter 
II. The response of the vane 
to changes in wind dir(H‘tion 



Fig. 57. .ViK'inonu'ti'r jind wind vane 
on suj)j)ort: a axis of vaiK' (solid iron 
rod); h eoupling; c joint; il indicates 
wlu‘r(‘ one (‘iid of pipe is screwed firmly 
into the lower (aid of the solid rod of 
the vam^; c contact box; / indicat (*s 
where axis rod is squared; g spearhead 
nut; k carri(‘r or frame for antifriction 
roll(*rs; m cap; rt shoukha* formc'd on rod; 
o arrow point; w count (‘rweight ;/^ cross- 
arm support foranemometer ; 5 foot rests; 
A support pipe and vane bearing detail. 


depends principally upon the mass of the vane and the friction 


in the bearing. Most wind vanes have a large fin that offers 


resistance to the wind. The fin is attached to a rod that passes 


through a bearing, and it is counterbalanced by a heavy arrow 



point of small area. The vane is free to move al)oiit a verti(*al 
axis. 

''hhere are several methods for eommimieatin^ the direetion of 
the vane to a remoter observing point. If tlu^ \'an(‘ is located on 
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Fig. 58. Wind instnimont supi^orl. 


the roof of the observatory, tlie shaft may Ixi exhmded down 
through the suppoi’ting pipti to an indicator in the room below. 
The pointer of the indicator may b(i geared to the vertical shaft 
so that the pointer will be in a vertical plains 




Anemometers 


123 


In general, electrical methods are found to be more suitable 
than mechanical methods. A commutator bearing or commutator 
arrangement operated by the movement of the vane may serve 
to close an electrical circuit connected with a series of electric bulbs 
in the observatory. lOach bulb corresponds with a wind direction. 
There are 4-point and 8-point indicators. ]iy means of the 8- 
point indicator, direction to IG points of the compass can be 
obtained, as the commutator brush or commutator will light two 
bulbs when the direction falls between two of the principal points. 

A second type of indicator employs two self-synchronous motors. 
One motor, actuated by van(' movements, induces corresponding 
movements to the second, which is attached to a pointer in the 
observatory. This ty|)e is considered the best for direct reading 
and will give an accuracy of about 2°. 


Recohding Wind Direction 

Automatic recording of wind direction by the United States 
Weather Bureau is accomplished by a register. A clock provides 
regular and uniform motion to a (‘ylinder on which is placed a ruled 
sheet of paper adapted to recei\'e the record. The record is traced 
by means of a pen attached to the ai'inature of electromagnets. 

Four electromagnets are connected to the cardinal direction 
contacts of the wind vane. A clock contact supplies current to 
the wind direction circuit once each minute. The circuit repre- 
senting wind direction is closed, and a dot is made on the paper. 
Intermediate directions are indicated when two pens make dots 
at the same time, that is, if the N and K pens are depressed by 
their electromagnets, the wind direction is NK. 

Anemometers 

Four principal types of anemometers are used in meteorological 
work: rotating cups, pressure plates, bridled or torque type, and 
pressure tube anemometers. 

Cup anemometers are in general use by the United States 
Weather Bureau. The Robinson cup anemometer, developed in 
1846, has 3 or 4 cups extended about a vertical axis so that the 
plane of the cup is in a vertical position. By means of proper gear 
reductions the rotation of the cups is calibrated in terms of wind 
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speed. One disadvantaf^e of the cup aiK'mometer is that in ^usty 
winds the cups tend to accelerate quickly and lose' specnl slowly, 
thereby causing tlu' average speed to b(‘ n'gistei-ed too high. 

Wind speed may be indicated at a distance l)y [i buzzei- or by a 
light operated at 3(U)-niilc or 1-niile intervals. Th(‘ number of 
3 ( 30 -mile buzzes or Hashes in 1 minute indicat(\s the wind speed in 



U.S. W M. phofouraph. 
Fig. 50. O’hrec-cup aneinoin('t(‘r. 


mik'S j)er hour, d'he spi'ed may be recorded by a magnetically 
operated pen on a clock-driven drum. A 1- to 10-minute average 
wind seems to satisfy the nMjuinanents of meteorologists for us(' on 
weather maps. Yor climatological purposes a 5-minute average 
wind speed may be more desirable. 

To observe and record gusty winds a more sensitive type of 
anemometer is required. 

PuESSURE-PLATE OR PENDULUM ANEMOMETERS are perhaps th(^ 
oldest type of wind-measuring instrument. The pi-inciple was 
first applied by Hooke in 




Anernorneiers 12o 

In order to obtain satisfa(*tory results, the pcaidulum type 
should Ije calibrated l)y a standard anemometer. The period of 
swing of home-made instruments may be such 
that the pendulum will overswing or flutter and 
give incorrect wind readings. 

Bridled anemometers an' composed of a 
sc'ries of 32 or more cups around a wheel. In 
rotating-cup anemometc'rs the forc(' of the wind 
produces rotation; in the })ridled type this wind 
force a(*ts on the cups which are held by a spring 
on th(' v('rtical shaft of the cup wheel. The 
disj)lacenient of the cups, or ilu'ir movement 
against tlu' spring, rc'pn'sents the wind force, 
which in turn can l)e ti'anslated into wind speed. 
Tlu' movement is usually transmitted to an in- 
dicating dial or I'c'conh'r i)v nu'ans of two self-synchronous motors. 

The erkssere-tube anemometer is the same instrument as 
that used on airplanes to nu'asure 
air spi'ed. Tlie anemometc'r con- 
sists of a “|^ib)t’’ tui)e which is 
k('])t p()int('d into tlu' wind by a 
vane. The forward ('iid of the 
tub(' is opc'ii to tlie wind pressure. 

It is lu'cc'ssary to measuie the 
l)ressure dilTerence between wind 
])r(‘ssure and the “static^’ pressure 
or air pix'ssure. A sc'ih's of holes 
is arrang('d around an t)uter sh'cve 
of the ])itot head. Pressure dif- 
f('r(‘nce is im'asun'd by a U-tube 
manomet('r or by a jin'ssure gage. 

The (h'sign of tlu' aiu'mouR'ti'r is 
based on the principle that the 
spe('d of the wind is ])roi)ortional 
to the square root of tlu' |)r(*ssure 
difference divided l)y the air den- 
sity. Since density changes with 
pressure and temperature varia- 
tions, the spe('d obt aim'd from an indicator based on average 
denmty may be in c'ri’or. W. II. Dines first introduced the 



('ourtesy Julitn P. Fricz and Sons, Inc. 

Fig. ()1. HridU'd jim'inoiiuder 
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pn^ssiiro-tube anemometer as a meteorologieal obsei ving instru- 
ment in the year 1892. 

In gusty winds tlu' inflow and outflow of air fi’om the tube and 
connecting pipes cause the fluctuations to be observcnl at slightly 
different times fi*oin the a(‘tual gusts; and tlu' sp('ed at tlu' [X'ak 
of the actual gust is thenffore always great (u* than that ivcoi-ded 

or observed on tlu' indicator.'^ 

The usual method of recording utilizes 
the Dines float manomet('r. 

(1 USTIXESS 

Studies in tlu' stnicture of winds indi- 
cate that the sudden variations in tlie 
wind, usually d(\signated as gustiness, are 
the manifestations of turbulence. 

ddi(‘ turlnilence that giv(\s ris(' to 
^‘gusty^^ winds is of two distinct types. 
The first type, mechanical turlnilence, 
is caused by irregulai’it ies in the t('rrain, 
which pi'oduce eddies in tlu* wind. Thus, 
buildings and othei* obstructions in I’ough 
country give risi^ to gustiness, while ov('r 
Fia. 02. l)in(‘s prc'ssuiv- country, or over the sea, mechanical 

lube jiiicmonK'ic'r. turbulence is at the minimum. If the 

roughness of the siuface in the n(nghl)or- 
lu)od of a station varies with direction from the observatory, 
it follows that gustiness will vaiy with the wind dire(*tion. 

The second type, thermal turbulence, is caused by the luxating 
of air at tlu^ surface. When relatively cold air is blowing across 
heated ground, convection currents can develop easily, and tlua*- 
mal turbulence may become sevei'e. If an inversion forms, how- 
ever, the convection currents will be broken up and mechanical 
eddies will be damped, so that gustiness may lie destroyc'd. 

The eddies caused by thermal turbulence are g(aierally larg(‘r in 
extent than those caused by miu^hanical turbulence. Though 
mechanical eddies are usually of approximately the same size as 
the obstructions that produce them, thermal eddies may extcuid 
laterally over a mile or more, and extiaid upward as convective 
currents for many thousands of feet. 
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Most states of gustiness may correctly be attributed to a com- 
bination of the two types of turbulence. 

An anemogram of a gusty wind generally has the appearance of 
Fig. 63. Individual gusts have been analyzed (by means of special 
instruments), and it has been found that the speed increases 
rapidly to the peak and then falls more slowly to the lull (Fig. 
63).“^ This trace shows the analysis of individual gusts as made 
by a Gurley instrument. The space between each two cur\'ed 
vertical lines represents minute. 



I'lc. 63. Anniiograph of gusty winds. 


Other indications of gustiness may be found in the be- 
havior of movable objects in the wind. Sudden more or less 
violent changes in the swaying of trees, etc., are common 
indications. 

When instruments are not a\'ailabl(' and the gustiness has to be 
estimated by \'isiial means, the specifications in the Beaufort scale 
should be used. For instance, if a wind makes sudden variations 
between ^^gentle^^ and '‘fresh,^^ '‘fresh gusts^^ are indicated. If 
the wind makes sudden variations between ‘‘gentle'^ and "strong,’^ 
we may be sure that there are "strong gusts.’^ 

A report of gustiness has definite value to an aircraft pilot in 
making landings, for the gustiness at his flying level may be en- 
tirely different from that near the surface. It is necessary to report 
gustiness especially for the less-experienced pilots. Sudden gusts 
of wind have actually overturned planes on landing. 
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Squalls 

The basic difference between gusts and squalls is in the time 
element. A gust takes only a few seconds or less to pass, whereas 
a squall usually lasts several minutes. Under certain conditions, 
thermal turbulence may develop into large systems, several square 
miles in area and many thousands of feet in height. Such an eddy 
may take a number of minutes to pass and may no longer b(^ 
classified as a gust but must rather be considered a squall. Smaller 
variations due to mechanical turbulence are often superimposed 
upon thermal turbulence in a sciuall. Squalls are also associated 
with other meteorological factors such as clouds, precipitation or 
temperature changes. 


Maximum Wind VuLociTv 

For the purpose of synoptic weather reports, the “maximum 
wind velocity^’ until July 1939 was regarded by the United States 
Weather Bureau as the highest 5-minute mean wind speed and 
average direction. After July 1939, the “highest wind velocity^^ 
replaced the “maximum wind velocity^^; however, this “highest 
wind velocity^ ^ was not for a 5-minute period but only for a 1-min- 
ute period. The new numeral code (1942) has reverted to the use 
of “maximum wind velocity,^’ but it still refers to a l-rninute 
period. 

The maximum wind may or may not be gusty. It will be noted 
that a steady maximum wind generally causes far less damage 
than a gusty maximum wind of the same average speed. 


Estimating Wind Speed 

All observers, at some time or other, are likely to encounter an 
anemometer that has become inoperative — a situation that neces- 
sitates the estimation of wind speeds. The quickest way to gain 
experience in estimating wind speeds is by conscious effort. When 
reading the wind speed, note the visible effects of the wind pressure 
at that particular speed. Try to memorize the general picture of 
flag movement, say, or the swaying of branches, twigs, grass, etc. 
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Historical Note on the Beaufort Scale 

In a short time one can develop a keen sense of the relationship 
l)et\ve(m wind force and wind speed, and indirect yet accurate 
estimations of the speeds that would be recorded by the observa- 
tory anemometer will be easy to make. Specifications for esti- 
mating the force of the wind on land are given in the Beaufort 
scale. The estimate of speed is obtained by noting the correspond- 
ing speed equivalents given in the table of wind-speed equivalents, 
Table VIII 4. 

^‘Calm^^ is n'cordod only when the anemometer cups an^ not 
moving or when smoke rises vertically without noticeable drift. 

IIlSTOUK'AL \OTK OX THE BeAUKOUT S(’ALE * 

]\rost observ(M-s (and some nu'tc'orologists) in the United States 
are unaware of th(‘ derivation of the wind speed eepiix alents of the 
Beaufort scale' aiiel e)f the speeificatiems intendeel to govern their 
use. It there'fe)re se*ems desirables to trae*e the history of our pres- 
esnt scale anel te) reme)ve, perhaps, several miscone‘eptie)ns. 

Ever since man first began to use water-borne e‘raft for trans- 
portation, the fore*e e)f the wind has been of ])articulaiiy great 
importane'e to him. So saile)rs learned to estimate the force of the 
wind in terms of a scale that specifieei the force as “calin,^' ‘^air,^^ 
“breeze,^^ ‘^gale,’^ “storm, “hurricanc.^^ In addition, they quali- 
fi('d these terms by such adjective's as “light,’’ “moderate,” “fresh,” 
and “strong.” 

These estimates of the force of the wind were based primarily 
upon the effects of the wind upon the o(*ean surface, effects with 
whi(*h they were thoroughly familiar. Seamen know, for instance, 
that the smallest ripples on tlu' ocean surface respond markedly 
to sudden changes in wind; that an apparent darkening of the 
waters indicates the travel of individual gusts. 

Further, their estimate of the wind force is based upon its total 
effect upon the surroundings. When a sailor estimates the wind 

* This discussion was prepared by th(^ United States Weather Bur(*au at 
the suj^gestion of Professor G. Emmons of Ntnv York Univt*rsity, and with 
the help of his notes, entilled “The Beaufort Scale of Wind Force and Its 
Velocity Equivakaits.” His original source, “The Vt'locity Equivalents of the 
Beaufort Scale,” by G. C. Simpson {London Meteorological Office Professional 
Notes 44), was also used. 
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to be a moderate gale, it makes no difference to him, in making 
the estimation, whether he is standing on deck or is at the mast- 
head. He would make the same estimate in either location. If 
an anemometer were placed at both points, however, it would 
probably be found that the one on deck would read, say, 30 mph, 
while the one at the masthead would read 35 mph. The point 
of observation affects the measure of speed but not the estimate of 
force. 

In 1806, Admiral Sir Francis Beaufort devised a scale of wind 
force based upon the descriptive s(‘ale long used by sailors, lie 
probably began by assigning a force number to each descripti\'e 
term, as in Table VIII-2. 

Rather than depend upon these descriptive effects, Beaufort 
wanted to define his scale in terms of some standard object, in 
much the same way that a standard measuni might be used to 
check the length of some other object. He therefore cliose the 
typical British man-of-war of his time. 

He had probably noted that, whem a sailor described the wind 
as a light breeze, his ^Svell-conditioned man-of-war, under all sail 
and clean full, would go in smooth water from 1 to 2 knots. In 
a similar manner, from his careful observations, he descrilx'd the 
effect of each of the thirteen terms of wind force upon his man-of- 
war. The scale in Table VHl-3, except for a few slight verl)al 
changes, is the same as that adopted by the British Navy 
in 1838. 

The use of this scale spread from the Navy to the British nua- 
cantile marine, and eventually to ships of other nations. 

Meanwhile, meteorology had begun to progress toward the use 
of synoptic reports, and in 1874 the International Meteorological 
Committee adopted the Beaufort scale for purposes of interna- 
tional telegraphic transmission of weather data. 

As originally drafted, the Beaufort scale made no reference to 
the actual (velocity) speed of the wind. With the development of 
meteorology it became necessary to relate measured wind speeds 
to the Beaufort scale. It would have been simple to assign code 
numbers to an arbitrary scale of speeds and discard the Beaufort 
scale, but winds reported from ships must still be estimated to a 
large extent, and so a correlative scale was necessary. Even 
observers on land must from time to time make estimates of wind 
force. 
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For these reasons, many determinations of tlie speed equiva- 
lents were attempted, l)ut results varied so widely tis to l)e value- 
less. Finally, independent determinations by the London Meteoro- 
logical Office and by the Deutsche Seewarte were made, under 
well-controlled conditions. 

Experien(*ed seamen stationed at exposed coastal or island sta- 
tions where the sea was in full view made estimates of the wind 
force. At the same time the wind sihhhI as indicated by the station 
anemomet(‘r was r(M‘orded. The estimated force was then corre- 
lated with the measured speed. 

Now it was found that there was not a definite wind speed or 
even a definite interval of wind spcnnls for ea(*h J^eaufort number. 
For instance, a wind estimated to be of for(*e 7 by the British 
observer might have a speed of 38 mph as nK^asuied by the ane- 
momet('r at his station. Hut a 38-mph wind at the German station 
might bo ostimat(Hl to l)e of force 9. 

It is \’ery improbable that two groups of experienced seamen, 
cs[)ecially in view of the close contacts l.)etween seamen of all nation- 
aliti(‘s, would consistently show a difference of such a magnitude. 

Upon study, it was found that the discrepancy was caused by 
the difference in the exposure of the instruments. The British 
exposures were usually free, as tyi)ified by the one at Scilly, where 
the anemometer was set 30 feet above the highest point of ground, 
itself 130 fec't above sea level. The German anemometers, on the 
other hand, were mounted at comparatively low levels. We are 
therefore forced to concludes that the measured wind speed depends 
greatly upon the point of measurement (and also, is depend- 
ent upon th(^ thermal pi*operties of the air), whereas the esti- 
mate of wind force does not depend upon the point of observa- 
tion. Thus, the exposure of the anemometer must be considered 
in converting wind speeds to Beaufort numbers. 

The German meteorologist llellmann found that wind speed 
varies with height in accordance with a logarithmic law.* This 
explains, in part, why the British and German investigations 
produced different results. 

* Eellmann’s logarithniic formula holils only wlu'ii the lapse raUi is adiabatic 
(stability is zero). Strictly sp(*aking, therefore, a different tablt? of Beaufort 
SjXHHl equivalents is required for a given anemometer exposure for each value 
of lapse rate. (“Lapse rate” is the rate of decrease in the temperature of the 
air per unit of height increase.) 
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The table of wind speed equivalents (Table VIII-4) used by 
the United States Weather Bureau gives the equivalents obtained 
in the British investigation in 190(5. The values represent the 
average of the records of five anemometers, no two of which were 
similarly exposed. 

It was determined that the values in this table would probably 
have been obtained from an exposure about 33 feet above level 


TABLE VII I-l 

Standard Speed Equivalenls of the Beaufort Scale as Prescribed by the 
International Meteorological Organization * 


Beaufort 

Number 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Ediuivalent 
Limits of Speed, 
miles per hour 
0 - 1 
2- 3 
4- 7 
8-11 
12- 10 
17 21 
22-27 
28-33 
34 40 
41 48 
49-5() 

57 65 
over 05 


* Not used by the Unibnl States Wtialher Bureau, howevcjr. 


ground. It follows from the data of the Deutsche Seewarte in- 
vestigation that anemometers exposed at much lower or higher 
levels would give different values from those in this table. 

Since it was believed that, in general, the exposures at most 
stations could not be much better than those in the British investi- 
gation, and would probably not be much worse than those in the 
German investigation, the International Meteorological Organiza- 
tion, in 1926 or thereabouts, adopted a set of speed equivalents 
intermediate between those determined by the London Meteoro- 
logical Office and those determined by the Deutsche Seewarte. 

These equivalents (Table VIII-I) correspond with those pre- 
dicted by Hellmann's formula for a height of about 20 feet above 
level ground and free from surrounding obstructions. 
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Specifications for Estimating the Force of the Wind at Sea 
Beaufort General D(^serii)- 

Nuinber tion of Wind Criteria 

0 Calm SviL like a mirror. 

1 Light air Rippl(‘.s with the appearance of scalers are formed, 

but without foam crests. 

2 Slight l)reeze Small wavelets, still short V)ut more pronounced; 

crests have a glassy api)earance and do not 
bn^ak. 

3 Gentle breeze Large wav(‘l(‘ls. Crests begin to break. Foam 

of glassy appearance. Perhaps scattered 
whitecaps. 

4 Moderate breeze Small waves, becoming longer; fairly frequent 

whitecaps. 

5 Fn‘sh l)reeze Moderate* waves, taking a more pronounced 

moderately long form; many whitecaps are 
form(‘d. (Chance of some spray.) 

() Strong breeze Large wav(‘s begin to form; the white foam 

crests an* more ext(‘nsive every wlu‘re. (Prob- 
ably some* .spray.) 

7 Moderate gale S(*a hea|)s up and white foam from breaking 

wav(*s begins to in* blown in streaks along the 
direction of the wind. 

8 Fresh gale Moderately high wav(*s of greater k'ngth; edges 

of cn*st.s begin to break into spindrift. The 
foam is blown in well-marked streaks along 
the direction of the wind. 

9 Strong gale High waves. Dense* streaks of foam along the 

direction of the* wind. Si‘a begins to “roll.” 
Spray may affect vij^ibility. 

10 Whole gale Very high waves with long, overhanging cre.sts. 

The rt'.sulting foam, in great patches, is blown 
in den.se white streaks along the direction of 
the wind. On the whole, the surface* of the 
sea take*s a whiter appearane*e. The rolling of 
the sea bece)mes heavy and shocklike. Visi- 
bility afft'e'te'el. 

11 Storm Exe'cptiemally high waves. (Small and medium- 

sizeel ships might be fe)r a time lost to view 
behinel the* waves.) The sea is e*ompletely 
ce)vered with the long, white patche\s of foam 
lying ale)ng the dire*ction of the wind. Every- 
where* the e*elge*s e)f the wave crests are blown 
inte) froth. Visibility affected. 

12 Hurricane The air is fille'd with foam and spray. Sea com- 

pletely white with driving spray; visibility 
very seriously affected. 
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According to the further recommendations of the International 
Meteorological Organization, in cases where the exposure of the 
anemometer differs from this standard in such a manner that the 
effect is known, a special table of speed equivalents should be con- 
structed applicable to the particular anemometer. Thus, if an 
anemometer is exposed at a height of 66 feet above ground, free 
from obstructions, the conversion to Beaufort numbers would be 
made by means of a table in which each spe(id e(|uivalent in Table 
VIII“1 is multiplied by 1.23. This would give the spcicd that 
would have been recorded if the anemometer were at the standard 
level of 33 feet instead of at a level of 66 feet. 

TABLE VI 1 1-3 
The Origiruil Beaufort Scale 

Beaufort 
Number 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Up to the present, however, this is not done in the United States 
Weather Bureau, probably because, in spite of the studies already 
made concerning surface winds, it is felt that not enough is yet 
known to warrant the application of the above exposure correc- 
tions. Not only would it be necessary to make a study of each 
station exposure, but, to be strictly accurate, it would also be 
necessary to make several tables incorporating a correction for 
different values of lapse rate at each observing station. This 
would be a tremendous undertaking. 

The use of the Beaufort scale is not confined to coding wind 
speeds. At times an observer may need to report wind speed 
without the aid of an anemometer. At such a time he may esti- 


Reaufort’s 
Description 
of tlic Wind 
Calm 
Li]^ht air 

Light breeze 
Gentle breeze 
Moderate breeze 

Fresh breeze 
Strong breeze 
Moderate gale 
Fresh gale 
Strong gale 
Whole gale 

Storm 

Uurricane 


Beaufort’s Criteria 


Just sufficient to give sttierage way. 
with which a well-conditioiH*d 
man-of-war, under all sail, 
and clean full, would go in 
smooth water from 


in which the same ship could 
just carry close hauled 


1 to 2 knots. 
3 to 4 knots. 
5 to 0 knots. 


Royals, etc. 

Single-re<‘fs and topgallant sails. 
Double-reefs, jib, etc. 
'rriple-r('<‘fs, courses, <?tc. 
Clos(*-reefs, and courses, 
with which she could only bear close-reefed main topsail and 
reefed foresail. 

with which she could be reduced to storm staysails, 
to which she could show no canvas. 
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mate the force of the wind according to the descriptive terms in 
Table VIII-4. The speeds indicated, it should be remembered, 
are for a level about 33 feet above level ground. It should also be 

TABLE VIII-4 


Wind-l^peed Equivalents 


Descriptive 

Velocity, 


Word 

miles per hour 

Specifications for Estimating Velocities 

Calm 

L(iss than 1 

Smoke rises verti(tally. 


1 to 3 

DinHition of wind shown by smoke drift but not 
by wind vanes. 

Light 

4 to 7 

Wind felt on face; knaves rustle; ordinary vane 
movtul by wind. 

Gentle 

8 to 12 

Ix^aves and small twigs in constant motion; wind 
extends light flag. 

Moderate 

13 to 18 

ILiises dust and loose paper; small branches arc 
moved. 

Friish 

19 to 24 

Small trees in leaf begin sway; crested wavelets 
form on inland waters. 


25 to 31 

Large braruihes in motion; whistling heard in tele- 
graph wires; umbrellas used with difficulty. 

Strong 

32 to 38 

Whole trees in motion; inconvenience felt in walk- 
ing against the wind. 


39 to 46 

Breaks twigs off trees; generally impedes progress. 

Gale 

47 to 54 

Slight structural damage occurs (chimney pots 
and slate removed). 


55 to 63 

Tn^es uprooted; considerable structural damage 
occurs. 

Whole gale 

64 to 75 

Rarely experienced; accompanitid by widespread 
damage. 

Hurricane 

Above 75 



remembered that the Beaufort scale does not incorporate a cor- 
rection for turbulence, or gustiness. If the observer does not take 
gustiness into ac^count when it exists, then, in using the movement 
of trees, etc., as a measure of wind force, it is possible that his esti- 
mated value of force, and hence of speed, will be too high. 
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General 

In meteorology, pressure represents the foree per unit area 
exerted by the atmosphere. At any given point it represents the 
total weight of a column of air of unit area extending to the outer 
limits of the atmosphere. The measurement of pressure at the 
ground or in the free air is affected l)y wind ndative to the barome- 
ter or its housing. The effect of wind upon pressures is called the 
dynamic (motion) effect. In gusty winds the dynamic effect 
produces deviations from the true statics (at-rest) pressure. Pres- 
sure is measured by various types of baromet(n\s, such as liquid or 
mercury barometer, and the elastic or aneroid (without liquid) 
barometer. 


Selecting the Observation Point 

The location of the barometer should be in a room of fairly even 
temperature. The direct rays of the sun should not fall on the 
instrument. Changes in temperature in different parts of the 
instrument cause unequal expansion of the scale and mercury, 
and readings will be in error. If the building is air conditioned, 
pressure inside may not be the same as that outside, and it will be 
necessary to provide the barometer with an airtight housing 
connected by a metal tube to the outside air. The outside opening 
of the metal tube, or static tube, should be arranged so that changes 
of wind direction will not introduce dynamic effects. 

The simplest method is to use a static-head tube mounted on a 
wind vane. Heat for de-icing the tube in cold climates should be 
provided, and a water trap should be installed to prevent passage 
of liquid water into the barometer. (See Fig. 62.) 
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Stations located on or very near a mountain may have difficulty 
in measuring the true static pressure, because the blocking effect 
of the mountain may cause large variations in pressure. 


Pressuuk Units 

The unit of pressure is based upon a force unit per area unit. 
In the English system the pound per scpiare inch, and in the metric 
system the dyne per scjuarc centimeter, are the basic units. The 
dyne is a unit of force. When 1 dyne of force is applied to a mass 
of 1 gram it will be accelerated 1 centimeter per second per second. 
In meteorology, the millibar, which is equal to 1,000 dynes per 
square centimeter, is the most common unit. The height of a 
(‘olumn of mercury when reduced to standard gravity and tempera- 
ture is also commonly employed. 

Tlie observed vertical length of a column of mercury is corrected 
in such a manner as to obtain the height that would exist if the 
temperature of the mercury were 32® F. (0® C.) and the column 
were subjected to a standard a(‘celeration of gravity. The pres- 
sure produced by a column of liquid mercury is equal to the product 
of the density of the mercury, the height of the column, and the 
acceleration of gravity. The density of pure mercury is 13.5951 
grams per cubic centimeter at a temperature of 32® F. at normal 
pressure (76 centimeters of mercury); and the acceleration of 
gravity is 980.665 centimeters per second per second at latitude 
45® 29'. The following table presents a comparison of vari- 
ous units. 


Inches of 

Millimeters 


Pounds per 

Mercury 

OF Mercury 

Millibars 

Square Inch 

29.9212 

760 

1,013.25 

14.7 

1,00 

25.4 

33.86 

0.49 

0.0394 

1.00 

1.33 

0.0193 

0.0296 

0.75 

1.00 

0.0145 

2.036 

51.6 

68.9 

1.00 


Mercurial Barometers 

The most accurate practical method of measuring atmospheric 
pressure is by means of the mercurial barometer, which simply 
involves the accurate measurement of the length of a vertical 
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Verticality of Mercurial Barometers 

Some barometers swing slightly free within the ring support 
around the cistern, if the ring support is not fitted with clamping 
screws. 

When such a barometer is used, the observer must be careful to 
adjust the barometer so that it is steadied against the ring. Fig- 
ure ()5 illustrates the correct position of the ivory point with respect 
to the point at which the cistern is supported against the 
ring. 

Thus adjusted, the barometer (‘an tilt slightly toward B. This, 
however, will only slightly affect the posi- 
tion of the mercury le\’cl in the cistern 
with respect to the i\’ory point. 

However, if the cistern is nested against 
C or D, the l)aromet(‘r may tilt toward 
D or (7, respecti\’ely. Then the position 
of the mercury level will be sensibly 
changed with reference to the ivory point 
as shown by Fig. GO. 

Use of the Vernier 

The vernier is named after its inventor, 

Paul Vernier. It is a device for accu- 
rately measuring much smaller fractional 
subdivisions of a graduatc'd scale than 
could be observed by the naked eye. 

For instance, a barometer vernier hav- 
ing ten subdivisions per inch nu\isur(‘s 
to hundredths of an inch and allows an estimate to thou- 
sandths. One with 20 subdivisions to the inch measures to 
0.002 in(‘h. 

On the 10-division vernier, 1) divisions on the barometer scale 
are divided into ten spaces on the vernier. Thus, each space on 
the vernier is j iO part shorter than a space on the scale. Since 
the scale represents inches and tenths, the difference between the 
length of a space on the vernier and one on the scale is Ho of Ho 
of an inch, or uf an inch. 

On the 20-division-t(3-the-inch vernier, 24 parts on the scale are 
divided into 25 parts on the vernier. In this case 3^5 of of an 
inch equals 3^oo or 0.002 of an inch. 



l''iG. 65. Correct p)osition 
of harometer cistern with 
ri*s}x»ct to ring support (/, 
ivory point). 
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Reading the vernier. Since the spaces on the vernier are 
one-tenth smaller than thovse on the scale, tlum, in the adjustment 
drawn in Fig. 67a, the first line above the zero on the vernier is 
one-tenth part of the space, the next line two-tenths, the next, 
three-tenths, etc., distant from the line next above on the scale. 

When, therefore, we find the vernier in such a position as shown 
in Fig. 676, where the fifth line on the vernier coincides with a 



scale line, it is clear that the z(iro line of the vernier must be just 
five tenths above the scale line next below it. Now, since the 
scale represents inches and tenths, Fig. 676 will read exactly 
30.150 inches. 

Often, no single line on the vernier will exactly coincide with a 
scale line, but two lines will be nearly in coincidence with two scale 
lines. One vernier line will be a little above a scale line while the 
next vernier line will be a little below a corresponding scale line. 

In Fig. 67c, the seventh and eighth vernier lines are each nearly 
in coincidence with scale lines, but neither is exactly so. This 
indicates that the reading is somewhere between 30,27 and 30.28. 
Moreover, we can see clearly that the eighth line is nearer coinci- 
dence than the seventh. Therefore we estimate that the true 
reading is nearer 30.28, and call it 30.277. We might just as well 
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have (‘ailed it 30.278. Either would be as nearly correct as 
possible. 

We can see, from the above, that readings can and should be 
accurat(i within 0.002 of an inch. 

In estimating fractions, the eye should be exactly in front of 
the lim^s l)eing studit^l. 

Reading the 20-division-to-the-in(*h verni(T: (1) This vernier 
has 25 divisions. The 5th, 10th, 15th, 20th, 25th di\isi()ns repro 



30.00 30.15 30.277 30.034 30.177 

abode 

I’^iG. 67. Vernier reading.s on mercairial barometers. 


sent 1, 2, 3, 4, and 5 hundnxlths of an inch, and are so marked. 
lOach single division represents 0.002 of an inch. (2) In the use 
of this vernier, if a reading, such as shown in Fig. 67e, is between 
30.170 and 30.178, we do not try to estimate which is nearer, but 
simply take halfway^ or 30.177. (3) Caution! Whenever the zero 
line of this type of vernier is above one of the shortest lines of the 
scale, be sure to take into account the 0.050 represented by the 
short line. 

Thus, in Fig. 07c, the coincidence on the vernier is between 
lines designated 20 and 28, which corresponds to a reading between 
0.020 and 0.028, or 0.027. On the scale, however, the reading is 
30.150 (0.050 of this is represented by the short line). Thus the 
total correct reading is 30.150 plus 0.027, or 30.177. 

If the 0.050 is ignored, an incorrect reading of 30.127 would be 
obtained. 
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Reading the Mercurial Barometer 

1. Read the attached thermometer to the nearest one-half 
degree. Record the readings as 71.0°, 72.5°, etc. 

2. Slowly turn the millcd-head adjusting screw, which extends 
from the barometer at the bottom of the cistern, until the surface 
of the mercury in the cistern just touches the ivory point. In a 
newly cleaned barometer this contact can be observed by noting 
the meeting of the ivory point with its reflected image, or by a 
slight dimple in the mercury surface. If the mercury surface has 
become oxidized, the correct position can best be determined by 
sighting across the mercury surface against a frosted \vhitc glass 
pane that is sometimes built into the barometer; also, for these oper- 
ations, an electric hand lamp or flashlight is nearly indispensabl(\ 

3. Tap the l)aromcter case smartly with the fingcT in the neigh- 
borhood of the meniscus. Tapping improves the evenness of dis- 
tribution of the mercury at the top of the (‘olumn. 

4. Turn the vernier adjustment by means of the milled-head 
screw projecting from the right of the barometer until the line of 
sight across the front and rear sighting edges on the lower portion 
of the vernier scale just cuts off light from across the extreme summit 
of the meniscus. A white background is essential. White paper 
serves well if renewed occasionally. 

5. Read the height of the column. Inches and tenths are taken 
from the barometer scale. Hundredths are read on the vernier 
s(;alc by selecting on the vernier the graduation that most nearly 
coincides with or matches a line on the main scale. Whciii readings 
to thousandths of an inch are made, the third decimal figure is 
estimated from the vernier. 


Determination of Actual Pressure from the Barometer 

Reading 


Corrections must be applied to the barometer reading to deter- 
mine the actual pressure. 

1. ^‘Constant” corrections. Certain errors, peculiar to a par- 
ticular barometer and to a given geographical location of a barom- 
eter, arc constant for the particular barometer at a particular 
place. These corrections comprise 


(а) Instrumental correction 

(б) Latitude correction 1 p 
(c) Altitude correction I 


correction 
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These corrections are called the ‘‘sum of corrections” and are 
issued (by the United States Weather Bureau) on correction cards 
(W. B. Form 1059 MeFl) for each station and instrument. This 
card or its equi\ alent should always be posted near the barometer, 
preferably in the case or on the board directly behind the instru- 
ment. 

2. Temperature correction. This correction depends upon the 
temp(^ratu]*e of the iiuMTury and the metallic scale. Tables are 
available giving the corrections for temperature measured V)y the 
attached thermomcdc^r. 

3. Some stations ha\’e “constant” (*orrections and tcmi)erature 
corn^ctions coml)ined on a special table for easier computations. 
These corrections are then the same as the “total correction” 
des(*ribed in the following paragraph and are similarly applied to 
the barometer nutding in computing the “station pn'ssure.” 

A ppl ication of Correct ions 

1. Add the temp('rature correction to the “Sum of Corrections” 
algebrai(*ally, to give the “total correction”; that is: (a) if their 
signs are different^ subtract them and prefix the sign of the larger 
corrc'ction to the nanaindca*; (b) if their signs are the safnej add 
them and prefix tlunr common sign to the sum. 

2. Add the total correction algebraicall}^ to the observed barom- 
eter reading. 


Example. 

Attached thernionicter reading 70.5° 

Observed barometer reading 30.287 

Tein})erature correction —0.131 

Sum of corrections (from form 10iS9-Metd) +0.032 

Total correction —0.099 

30,287 

-0.099 

Corrected pressure, or station pressure 30.188 


Definitions of barometer heights are given in Chapter II. 

Since the attached thermometer is read to the nearest one-half 
degree, only a single interpolation for pressure reading is necessary. 
For example: observed pressure reading = 30.287; attached ther- 
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TABLE IX-1 

Correction to Mercurial Barometer for Temperature of Attached Thermometer 



Observed reading of the barometer, in iiurhes 

“F. 

24 

24.5 

25 

25.5 

i 

26 

26.5 

27 

j 27,5 

28 

28.5 

29 

29.5 

30 

30.5 

31 








SUOTRAi’T 







67 

0.083 

0.085 

0.087 

0.089 

0.090 

0.092 

0.094 

0.095 

0.097 

0.099 

0.101 

0.102 

0.104 

0.106 

0.108 

67.5 

.084 

.086 

.088 

.090 

.092 

.093 

.095 

.097 

.098 

.100 

.102 

.104 

.106 

.107 

.109 

68 

.085 

.087 

.089 

,091 

.093 

.094 

.096 

.098 

.100 

.102 

.103 

.105 

.107 

.109 

.110 

68.5 

.087 

.088 

.090 

.092 

.094 

.096 

.097 

.099 

.101 

.103 

.105 

.106 

.108 

.110 

.112 

69 

.088 

.089 

.091 

.093 

.095 

.097 

1 .099 

.100 

.102 

.104 

.106 

.108 

.110 

.111 

I .113 

69.5 

.089 

.091 

i .092 

.094 

.096 

.098 

i .100 

.102 

.104 

.105 

.107 

.109 

.111 

.113 

.115 

70 

.090 

.092 

.094 

.095 

.097 

.099 

.101 

.103 

.105 

.107 

.109 

.110 

.112 

,114 

.116 

70.5 

.091 

.093 

.095 

.097 

.098 

.100 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.116 

.117 

71 

.092 

.094 

.096 

.098 

.100 

.102 

.103 

.105 

.107 

.109 

.111 

.113 

.115 

.117 

.119 

71.5 

.093 

.095 

.097 

.099 

.101 

.103 

.105 

.107 

.109 

.110 

.112 

.114 

.116 

.118 

.120 

72 

.094 

.096 

.098 

.100 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.116 

.118 

.120 

.122 

72.5 

.095 

.097 

.099 

.101 

.103 

.105 

.107 

.109 

.111 

.113 

.115 

.117 

.119 

.121 

.123 

73 

.096 

.098 

.100 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.116 

.118 

.120 

.122 

.124 

73.5 

.097 

.099 

.101 

.103 

.105 

.108 

.110 

.112 

.114 

.116 

.118 

.120 

.122 

.124 

.126 

74 

.098 

.101 

.103 

.105 

.107 

.109 

.111 

.113 

.115 

.117 

.119 

.121 

.123 

.125 

.127 

74.5 

.100 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.116 

.118 

.120 

.122 

.124 

.126 

.129 

75 

.101 

.103 

.105 

,107 

.109 

.111 

.113 

.115 

.117 

.119 

.122 

.124 

.126 

.128 

.130 

75.5 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.117! 

.119 

.121 

.123 

.125 

.127 

.129 

.131 

76 

.103 

.105 

.107 

.109 

.111 

.113 

.116 

.118 

.120 

.122 

.124 

.126 

.128 

.131 

.133 

76.5 

.104 

.106 

.108 

.111 

.113 

.115 

.117 

.119' 

.121 

.123 

.125 

.128 

.130 

.132 

.134 

77 

.105 

.107 

.109 

.112 

.114 

.116 

.118 

.120 

.122 

.125 

.127 

.129 

.131 

.133 

.1,36 

77.5 

.106 

.108 

.110 

.113 

.115 1 

,117 

.119 

.121 

.124 

.126 

.128 

.130 

.133 

.135 

.137 

78 

.107 

.109 

.112 

.114 

.116 

.118 

.120 

.123 

.125 

.127 

.129 

.132 

.134 

.136 

.138 

78.5 

.108 

.110 

.113 

.115 

,117 

.119 

.122 

.124 

.126 

.128 

.131 

.133 

.135 

.137 

.140 

79 

.109 

.112 

.114 

.116 

.118 

.121 

.123 

.125 

.127 

.1.30 

.132 

.134 

.137 

.1,39 

.141 

79.5 

.110 

.113 

.115 

.117 

.120 

.122 

.124 

.126 

.129 

.131 

.133 

.136 

.138 

.140 

.143 

80 

.111 

.114 

.116 

.118 

.121 

.123 

.125 

.128 

.130 

.132 

.135 

.137 

.139 

.142 

.144 

80.5 

.112 

.115 

.117 

.120 

.122 

.124 

.127 

.129 

.131 

.134 

.136 

.138 

.141 

.143 

.145 

81 

.114 

.116 

.118 

.121 

.123 

.125 

.128 

.130 

.132 

.135 

.137 

.140 

.142 

.144 

.147 

81.5 

.115 

.117 

.119 

.122 

.124 

.127 

.129 

.131 

.134 

.136 

.139 

.141 

.143 

.146 

.148 

82 

.116 

.118 

.121 

.123 

.125 

.128 

.130 

.133 

.1,35 

.137 

.140 

.142 

.145 

.147 

.149 

82.5 

.117 

.119 

.122 

.124 

.127 

.129 

.131 

.134 

.136 

.139 

.141 

.144 

.146 

.148 

.151 

83 

.118 

.120 

.123 

.125 

.128 

.130 

.133 

.135 

.138 

.140 

.142 

.145 

.147 

.150 

.152 

83.5 

.119 

.121 

.124 

.126 

.129 

.131 

.134 

.1.36 

.139 

.141 

.144 

.146 

.149 

.151 

.154 

84 

.120 

.123 

.125 

.128 

.130 

,133 

.135 

.138 

.140 

.143 

.145 

.148 

.150 

.153 

.155 

84.5 

.121 

.124 

.126 

.129 

.131 

.134 

.136 

.139 

.141 

.144 

.146 

.149 

.151 

.154 

.156 

85 

.122 

.125 

.127 

.130 

.132 

.135 

.137 

.140 

.143 

.145 

.148 

.150 

.153 

.155 

.158 

85.5 

.123 

.126 

.128 

.131 

.134 

.136 

.139 

,141 

.144 

.146 

.149 

.152 

.154 

.157 

.159 

86 

.124 

.127 

.130 

.132 

.135 

.137 

.140 

.142 

.145 

.148 

.150 

.153 

.155 

.158 

.161 

86.5 

.125 

.128 

.131 

.133 

.136 

,138 

.141 

.144 

.146 

.149 

.152 

.154 

.1,57 

.159 

.162 

87 

.126 

.129 

.132 

.134 

.137 

.140 

.142 

.145 

.148 

.150 

.153 

.155 

.158 

.161 

.163 

87.5 

.128 

.130 

.133 

.136 

.138 

.141 

.144 

.146 

.149 

.151 

.154 

.157 

.159 

.162 

.165 

88 

.129 

.131 

.134 

.137 

.139 

.142 

.145 

.147 

,150 

.153 

.155 

.158 

.161 

.163 

.166 

88.5 

.130 

.132 

.135 

.138 

.141 

.143 

.146 

.149 

.151 

.154 

.157 

.1.59 

.162 

.165 

.168 

89 

.131 

.134 

.136 

.139 

.142 

.144 

.147 

.150 

.153 

.155 

.158 

.161 

.164 

.166 

.169 
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TABLE IX-2 

Rock Springs^ Wijoming — Airport — Station Elevation 6,74^ Feet 

Reduction of Barometric Pn^ssure to S(?a Level 
(Tabular values an* .sea-lev('l i)ressure) 


Moan 

Tern- 


Station Pressure, inches 


turo, 

op. 

23.70 

23.80 

23.90 

24.00 

24.10 

24.20 

24.30 

24.40 

24.50 

24.60 

24.70 

30 

30.49 

30. (>2 

30.75 

30.88 

31.(X) 

31.13 

31.20 

31.:i9 

31. .52 

31.65 

.31.78 

32 

30.47 

30.59 

30.72 

30.85 

30.98 

31.11 

31.24 

31.37 

31.50 

31.03 

31.75 

34 

30.44 

30.57 

30.70 

30.83 

30.90 

31.09 

31.22 

31. .34 

31.47 

31.60 

31.73 

3() 

30 42 

30.55 

30.f58 

30.81 

30.93 

31.00 

31.19 

31.32 

31.45 

31.58 

31.71 

38 

30.40 

30.53 

30.05 

30.78 

30.91 

31.04 

31,17 

31.30 

31.42 

31.55 

31.68 

40 

30.37 

30.50 

30.03 

30.70 

30.89 

31.02 

31.14 

31.27 

31.40 

31. .53 

.31.00 

42 

30.3(’) 

30.48 

30.r>l 

30.71 

30.87 

31.00 

31.12 

31.25 

31. .38 

31.51 

31.04 

44 

30.34 

30.4(» 

30.59 

30.72 

30.85 

30.98 

31.10 

31.23 

31. .30 

31.49 

31.61 

40 

30 32 

30.44 

30.57 

30.70 

,30.8:1 

:i0.90 

31.08 

,31.21 

31.34 

31.47 

31. .59 

48 

30.30 

30.43 

30.55 

30.08 

30.81 

30.94 

31.00 

31.19 

31.32 

31.45 

31. .57 

50 

30.28 

30.41 

30.53 

30.00 

30.79 

.30.92 

31.04 

31.17 

3i.;io 

31.43 

31. ,55 

52 

30.2() 

30.39 

30.52 

30.05 

.30.77 

30.90 

31.03 

.31.15 

31.28 

31.41 

31.54 

54 

30.25 

30.37 

30.50 

30.(}3 

,30.70 

,30.88 

31.01 

31.14 

31.27 

31. .39 

31. .52 

50 

30.23 

30.3() 

30.49 

30.01 

:}0.74 

30.87 

:10.99 

31.12 

31.2.5 

31.38 

31. .50 

58 

30.22 

30.34 

30.47 

30,00 

:10.72 

,30.85 

,30.98 

31.11 

31.23 

31. .30 

31.49 

00 

30.20 

30.33 

30.45 

30.58 

30.71 

,30.8:1 

:i0.90 

31.09 

31.22 

31.34 

31.47 

02 

30.19 

30.31 

30.44 

30.57 

30.09 

,30.82 

.30.95 

31.07 

31.20 

31.. 33 

31.45 

04 

30.17 

30.30 

30.43 

30.55 

,30.08 

:io.8i 

,30.93 

31.00 

31.18 

31.31 

31.44 

00 

30.10 

30.28 

30.4 1 

30.54 

30.00 

:io.79 

,30.92 

31.04 

31.17 

31.30 

,31.42 

08 

30.14 

30.27 

30.40 

30.52 

.30.(i5 

,30.78 

30.90 

31.03 

31.15 

31.28 

31.41 

70 

30.13 

30.20 

30.38 

30.51 

30.03 

,30.70 

30.89 

31.01 

31.14 

31.27 

31.39 

72 

30.12 

30.24 

30.37 

30.49 

30.02 

30.75 

,30.87 

,31.00 

31.12 

31.25 

,31.38 

74 

30 10 

30.23 

30.35 

30.48 

,30.01 

30.73 

:io.80 

30.98 

31.11 

31.24 

31. .36 

70 

30.09 

30.21 

30.34 

30.47 

30..59 

,30.72 

,30.84 

:^0.97 

31,10 

31.22 

31.35 

78 

30.07 

30.20 

30.33 

30.45 

30.58 

30.70 

30.83 

30.95 

31.08 

31.21 

31. ,33 

80 

30.00 

30.19 

30.31 

30.44 

30.. 50 

,30.09 

:io.8i 

,30.94 

31.07 

31.19 

31. .32 

82 

30.05 

30.17 

30.30 

30.42 

30.55 

,30.08 

,30.80 

30.93 

31.05 

31.18 

31.30 

84 

30.03 

30.10 

30.28 

30.41 

,30.54 

30.00 

:io.79 

30.91 

31.04 

31.16 

31.29 

8(> 

30.02 

30.15 

30.27 

30.40 

30.52 

,30.05 

,30.77 

,30.90 

31.02 

31.15 

31.27 

88 

30.01 

30.13 

30.20 

30.38 

30.51 

.30.03 

,30.70 

30.88 

31.01 

31.13 

31.26 

90 

29.99 

30.12 

30.24 

30.37 

30.49 

30.02 

30.75 

30.87 

31.00 

31.12 

31.25 


mometer reading = 7(5.5°. Entering Table IX-1 for 76.5°, 
we find that the correction for 30.287 must lie about midway 
between that for 30.0 and 30.5, or midway between —0.130 and 
—0.132, which gives us a value of —0.131. 
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Reduction oe Pressuue to Sea Level * 

Since the altitudes of stations throughout the country vary 
widely, their station pressures cannot be easily compared. To 
make them all comparalik^, a reduction to sea level is made of 
each station pressure to determine what the pressure ivould be if 
the station were at sea level. Thus, the pressures at all stations are 
referred to the same elevation — standard sea level. 

Pressure reductions have been computed for each United Stat(^s 
Weather Bureau station and put in the form of tables, so that the 
observer's task is simplified. (A graphical method of pressure 
reduction is given in the Appendix.) 

1. A separate table is available for each elevation. For low 
elevations (up to 50 feet above mean sea level) a constant correc- 
tion to sea level is applied and no s(?a level reduction tables ai*e 
used. 

2. The table for a given high elevation concerns two quantiti(\s: 
(a) the station pressure; (6) the mean 12-hour outdoor tcanperature. 

Method for Determining Mean 12-Hour Temperature 

1. At stations making observations at least every 12 hours: 

Mean 12-hour temperature 

(Xirrent temperature + Temperatuix^ 12 hours ago 
^ _ 

2. At stations making only one observation a day, tcMnpcM’at-uie 
12 hours ago is obtained from the (corn^cted) thermograph trace. 
When the thermograph trace is used to obtain the mean tempera- 
ture, take the temperature only to the nearest whole degree. 

Example 1. 


Current temperature 

52.(r 

Temperature 12 hours ago 

38.2^= 

Sum 

90.8^= 

Mean = Sum divided by 2 

45.4' 


* The Report of the Chief of the Weather Bureau for 1900-1901 contains 
a description of the standard system of pressure reduction for the United 
States. 
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Example 2. 


Current temiperature 

60.8® 

('rhermograi)h) temperature 12 hours ago 

48.0® 

Sum 

108.8® 

Mean = Sum divided by 2 

54.4® 

Use of Barometer Reduction Tables 



1. The station pressure and the mean temperature value, used 
in the tablets to find the sea-level pressure, are called the pressure 
argunu'iit and the t(Mni)erature argument, respectively. 

2. The [)r(^ssure argument is the station i^n^ssure to hundredths 
of an inch only. 

Th(^ third decimal is disposed of according to the following 
United States W(‘ather Ihireau rule for disposal of decimals. 

(a) If the decimal figure' to he disposed of is greater than 5 (or 
f) with a i‘(*niainder) the preceding figuni will be increased by 1. 

Examplks. 29.8(H) becomes 29.81; 29.819 be(‘omes 29.82; 29.820 l)e- 
comes 29.88. 

(h) If th(' (h'cimal figure to Ix' disposed of is 5 exat'tly, the pre- 
ceding figuie*, when odd, will be increased l)y 1, and when even, 
it will remain unchanged, 

Examtlks. 29.805 i)ecomes 29.80; 29.815 becomes 29.82; 29.825 be- 
comes 29.82. 

(c) If th(^ (U'cimal figure to l)e disposed of is less than 5, the pre- 
ceding figure will be retained unchanged. 

Examplks. 29.804 becomes 29.80; 29.814 becomes 29.81; 29.824 1).'- 
coiiK's 29.82. 

3. It will be necessary to interpolate for hundredths when the 
station pressure falls between the tenths of an inch as given at the 
top of Table IX-2. Use Table IX 3 for interpolation. 

4. The temperature value to use in the sea-level reduction table 
(Table lX-2) is the one nearest the mean temperature. 

If the mean temperature is exactly halfway between two tem- 
peratures in the table, use the lower temperature in the table. 
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Examples. 1. Mean temperature = 58.7°. Temperature to be used 
ill Table IX-2 - 58°. 

2. Mean temperature = 59.2°, table temperature = 60°. 

3. Mean temperature = 59.0°, table tem])eraturc = 58°. 

Note: The above rule is arbitrary, to (iliminate interpolation for temi>ora- 
ture. The errors resulting by this approximation are small. 

In all the following examples, use Tables IX-2 and IX -3. 
TABLE IX 3 

Hundredths Figure Sea-Level Pressure Difference 
OF Station Pressure (For one value of mean tiunperatunO 



0.10 

0.11 

0.12 

0.13 

0.14 

1 

O.Ol 

0.01 

0.01 

0.01 

0.01 

2 

.02 

.02 

.02 

.03 

.03 

3 

.03 

.03 

.04 

.04 

.04 

4 

.04 

.04 

.05 

.05 

.06 

5 

.05 

.06 

.00 

.06 

.07 

6 

.06 

.07 

.07 

.08 

.08 

7 

.07 

.08 

.08 

.09 

.10 

8 

.08 

.09 

.10 

.10 

.11 

9 

.09 

.10 

.11 

.12 

. 13 


To use Table IX-3, add tabular values to the lower sea-level 
pressure. 

Example. 

Suppose that the station pressure is 24.24 and mean temperature is 
40°. Then, entering the table at 40°, the sca-levcl pressure is between 
the values corresponding to station pressures of 24.20 and 24.30. These 
values, from Table IX-2, are 31.02 and 31.14. Their difference is 0.12. 
The hundredths figure in the actual station jiressure of 24.24 is 4. Going 
down the first column of Table IX-3 to 4, and across to the 0.12 column, 
we find the value 0.05. This is added to the lower sea-level pressure: 
31.02 -f- 0.05 = 31.07, which gives the final answer. 

Further Exampi^s. 

1. Station pressure = 23.83. Mean temperature = 48.6°. (Nearest 
table temperature is 48.) Then sea-level pressure is between 48° values 
for 23.80 and 23.90, or between 30.43 and 30.55. Their difference is 0.12. 

Using Table IX-3, we find that we must add 0.04 to the lower sea-level 
pressure (30.43), so the final sea-level pressure is S0./f7. 

2. Station pressure = 24.48. Mean temperature = 40.8°. 

By proceeding as in example 1, the sea-level pressure is found to be 
31.37. 
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Fixed ('isteun Barometers 


Some baromet(u\s in use are of the ^^fixcd cistern^^ Fig. 68. 
In thesis barometers there is no ivory 
point to which the mercury k^vel must 
be adjusted. Instiwl, in the design of l j 

the instrument, th(> relation between the ~ 1 1 [Si- j!j| 

inside areas of the (‘istern and of the ^ ^*3 

baroiiKder tube is carefully w^orked out, 

and in taking a reading a 'k*orrection — ""v 

for capacity” is applied. Since this cor- [ i 1 

rection for capacity remains the same ^ ll!:;:'!! | 0 

in a giv(*n barometer as long as the ffl i , 

quantity of mercury in the barometer 

rc'mains unchanged and the inside di- / 

mensions of the barometer and cistern v ‘^3^- J: 

nunain the same, the correction for ca- - 

pacity can Ix' incorporated in the cali- ^ 

bration of the barometiu* scale (all 

divisions jii*e shortened by a calibrated ^ 

an 1 ou n t ) . h 'j " _-rr 4 f _ _ 1 ^ (I 




Aneroid Barometers — _4 I , 

^ i j ^ 

Theu//cre/r/ barometer is so named l)e“ i« c .r » , , , 

L .S.W .li. pholoifmph. 

cause it is, literally, “without liquid.” 

Basically, it consists of two parts — a cistoni In- 

thin metal box, evacuated partially or 0 vmIvo soul; 11 

I II - . 1 , • * ir niillod lu'ad: E cislorn: F 

wholly of air, and a strong spring. It , ^ . 

tho box IS tluii and flexible, for practi- ^ 

<‘al purposes wo may say lliat. the spring j) tyis- 

nieasuri's the atmospheric ]}r<>ssur(>. is not in goncral u«', but it 

The motion of contraction or expan- illusiratrs tlu^ fixinl cistern 
sion of the spring due to changes in principle, 

atmospherics pressure is transmitted to 

a pointer. The atmospheric pressure can then be read from the 
position of the pointer or needle on a calibrated scale (Fig. 69). 


Heading the Aneroid Barometer^^^ 

Most aneroid barometer dials are graduated in 0.02 of an inch. 
It is therefore very simple to read them to the neanist hundredth 



loO 


Pj'essw'e 


of an inch. Before making a reading, tap the face of the barometer 
gently with finger or pencil eraser to make sun' that the pointc'r is 
not sticking. 

The anei'oid barometer reading should b(' C()m|)ar('d fn'qiiently 
with a mei’curial barometer Heading made at tlu' same time and 



Pig. ()9. Ancr<)i<l l)iir(>nu‘tor. 


place, and a correction based on the dilTerence in ic'adings should 
then l)e applied to subsequent aneroid reading until a lU'W com- 
parison is made;. 

Aneroid liAUOGiiAPu 

The aneroid barograph adapts the principle of the aneroid 
barometer to the purpose of making a continuous record of atmos- 
plu'ric pressuni. In place of a singk^ thin metal box as descrilx'd 
for th(> anei’oid barometer, a number of metal box(\s from which 
air has been removed are connected. A pen arm replaces the 
point('r. The pim at tlu^ (aid of the pen arm tract's on graph jiaper 
attached to a clock-driven rotating cylinder a line n'presenting 
the atmospheric pressure. 




Courtf’sy Julien P. Frit-: (U)ij Sorts, Inc. 


I'lG. 70. AiK'i’oid barograph 
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Fig. 72. Open scale barograni. 


Aneroid Barograph lo3 

1. On charts for the one-to-one scale barograph each of the 
smallest vertical spaces represent 0.05 inch. Sample readings are 
shown in Fig. 71. 

2. On charts for the open-scale barograph each of the smallest 
vertical spaces usually represents 0.02 inch. 

Thus, in Fig. 72, point A represents 28.54 inches, point B repre- 
sents 28.50 inches, point C represents 28.59 in(*hes, point D repre- 
s(^nts 28.59 inches, and point E represents 28.00 inches. 
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General 

Moisture that falls to earth is called precipitatiori. It may be 
in any form, such as rain, snow, hail, dew, and fi'ost. The depth 
of water or melted snow that falls on a levc'l surface in a given 
period of time, assuming that it w(ire allowed to accumulate, is 
the basis for measurement. The most common mc^asuring (hndce 
is the rain gage. 

The rain gage is the oldest of meteorological instruments be- 
cause, in principle, it is the simplest. The earliest record of a 
series of rain gag(es, dated about a.d. 1442, ascribes tlueir use to 
the Koreans. They were in ^‘the form of heavy bronze cylindrical 
vessels about 15 inches high and 7 inches in dianneter, and were 
set up on stone blocks which were recessed to receive them.’’ 
C’uriously enough, the first rain gage of scientific; value designed in 
Europe was a recording gage that emptied its(4f when filled to a 
certain height. It was made by Sir Cdiristopher Wren in 10()2. 
The designer of the first gage in use in America is not known, 
although it is known that tlie graduations of the; gage were to the 
thousandth part of an inch. 

The accurate measurement of snowfall has been one of the most 
difficult problems in meteorology, for the snowfall gage must not 
be affected by high winds that often accompany the snow and 
tend to destroy the value of the record. A satisfactory yet ec;o- 
nomical recording or automatic gage is a problem which has not 
yet been solved. The best exposure of gagc;s is a controversial 
question that is still the subject of many experiments. 

Most regular United States Weather Bureau stations have in 
operation weighing or tipping-bucket gages that automatically 
record the depth of rainfall on a clock-driven graph. 

164 
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Standard Rain Gage 
The 8-Inch Rain Gage 

The 8-incli rain gage is so (allied because the inside diameter of 
the re(*(nver A in Fig. 73 is exactly 8 inclu^s. 

The receiver is provided with a funnel that conducts rain from 
the r(a*eiver into the cylindrical l)rass mc^asuring tube C. The 
cr()ss-s('ctional area of the receivaa* is just 10 times the cross-sec- 
ticjnal area c'f the measuring lube. Therefore, the actual depth 


Front view Vertical section 



section, E-F 


73. Standard 8-inch rain gage: .1 receiver; B overflow cylinder; C 
measuring tube; a cylindrical portion of recidver; d sleeve or receivt'r; c inflow 

hole; / fiiimel. 

of rainfall is increased tenfold on Ixdng collected in the narrow 
measuring tube. If wahu* is 10 inches deep in the measuring 
tube, the actual rainfall will have been only 1 inch, or if the 
water in the tube is only 0.1 inch, the rainfall will have becai 
0.0 1 inch. 

For measuring the depth in the measuring tube, a thin cedar 
stick, graduated in inches and tenths of an in(‘h, is used. As 
stated above. 0.1 inch graduation represents 0.01 inch of 
rainfall. 

The measuring tube is just 20 inches in height inside. There- 
fore, exactly 2 inches of rainfall will fill it. Rainfall in excess of 
this amount will overflow into the overflow cylinder, which is 
8 inches in diameter. Whenever the rainfall exceeds 2 inches 
between measurements, the excess must be poured into the inner 
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tube for measurement. The brass tube must be securely anchored, 
and the rainfall must be poured very slowly to prevent splashing]; 
or upsetting the tube. If th(U*e is considerable rain in the overflow 
cylinder, it is theoretically correct to pour the tube full each time. 
In actual practice this may lead to spilling, and it is best not to 
fill the tube completely but record exact measurements of the 
amount in each partially filled tube and then total. 

The standard 8-inch gage has the greatest capacity of all the 
United States Weather Bureau gages, holding slightly less than 
23 inches. 

Measuring Rainfall. 

Insert the measuring stick slowly into the gage through the small 
hole in the funnel. When the stick touches the bottom of tlu^ 
measuring tube, hold it thei‘(^ for one or two secjonds, then with- 
draw it and examin(^ it to see at which division tlu^ to]) of the w(^t 
portion comes. The numbering of this division, as stampc^l on the 
stick, gives the actual dc^pth of rainfall. If the top of the wet 
portion comes between two divisions, us(^ the Weathen* Bureau 
rule for disposal of decimals. If the depth is less than 0.005 inch, 
it is called a ^Trace.^’ If it is 0.005 inch or more, up to but not 
including 0.015, 0.01 inch is nicorded. Tlui rain gage should be 
emptied after each observation. 


Measurement of Snowfall 

Measurement of Depth of Snow on Ground 

Three or more points where the depth of snow appears repre- 
sentative of the fall over the surrounding area may be selected, 
and the depth measured with an ordinary ruler or yardstick. It 
is generally a good idea to take some straight-sided object, such 
as a shovel, and carefully slice out a portion of the snow so that 
a good cross-section view of it may be obtained. The recorded 
depth of snow should be the average of several measurements. 
For drifted snowfall, as many as ten measurements would be 
desirable, but not less than three measurements should be made 
to obtain a representative value. 

The place selected for measuring snow depth should be repre- 
sentative of the area, not only with respect to drifting, etc., but 
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also with respect to exposure. For instance, a place that is always 
in the shade should not be ehovscn, since the snow will disappear 
more slowly in such a place. All snow-depth measurements should 
be made near the same place as that originally selected, so that 
the measurements over several days can be correlated. 

Measurement of Melted Snow (Precipitation) 

In the winter, when snowfall may be expected, the receiver and 
measuring tube arc removed from the rain gage, leaving only the 
8-in(*h overflow cylinder exposed to serve as a gage for both liquid 
and frozen precipitation. The overflow cylinder in which snow, 
fi’ozen rain, rain, or sleet has collected is best taken inside for 
measurement. 

1. Measure an amount of lukewarm tap water in the measuring 
tul)(^ and add it to the snow or ice in the overflow. Slosh it around 
until all the snow or ice is melb'd. In the case of frozen rain, melt 
the ice (dinging to the inward sides of the overflow cylinder 
also. 

2. The mixture of tap water and snow water is then measured 
in the measuring tube by means of the cedar stick. The amount 
of water that was added for melting the snow or ice must be sub- 
tracted from the total amount to give the actual amount of pre- 
cipitation. 

Alternative Method for Measurement of Melted Snow 

When the amount of snow collected in the overflow does not 
seem represen tati^x> of the total snowfall since the last observa- 
tion, select a place where the snowfall is as little disturbed as pos- 
sible and cut out a section with the 8-inch overflow can of the 
rain gage by slowly sinking the inverted overflow can through the 
snow and sliding a sheet or thin board under the mouth of the can. 
(It is a good idea to leave such a board exposed on the ground. 
Then, when it is covered with snow, simply sink the overflow^ can 
through the snow down to the board and then lift up the board 
together with the overflow can.) The 8-inch cylindrical section of 
snow may then be melted and measured. At observatories where 
delicate spring balances are available (sensitive to within ounce) 
the snow need not be melted, but may be weighed, and the depth 
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of water corresponding to its weight may be found by means of 
Table X-l. 


TABLE X-l (for 8-ii)ch gag(5, only) 
(I pound equals 0.55 inch) 


Weight, 

pounds 

0.00 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0 08 

0.09 


Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

0.0 

0.00 

0.01 

0.01 

0.02 

0.02 

0.03 

0.03 

0.04 

0.04 

0.05 

0.1 

.06 

.06 

.07 

.07 

.08 

.08 

.09 

.09 

.10 

.10 

0.2 

.11 

.12 

.12 

.13 

.13 

.14 

.14 

.15 

.15 

.16 

0.3 

.17 

.17 

.18 

.18 

.19 

.19 

.20 

.20 

.21 

.22 

0.4 

.22 

.23 

.23 

.24 

.24 

.25 

.25 

.26 

.26 

.27 

0.5 

.28 

.28 

.29 

.29 

.30 

.30 

.31 

.31 

.32 

.33 

0.6 

.33 

.34 

.34 

.35 

.35 

.36 

.36 

.37 

.38 

.38 

0.7 

.39 

.39 

.40 

.40 

.41 

.41 

.42 

.43 

.43 

.44 

0.8 

.44 

.45 

.45 

.46 

.46 

.47 

.47 

.48 

.49 

.49 

0.9 

.50 

.50 

.51 

.51 

.52 

.52 

.53 

.54 

.54 

.55 


Wind Shields for Precipitation Gages 

Many gages, particularly of the weighing type, arc fitted with a 
wind shield. The shield is usually of the Alter type, which is a 
funnel-shaped construction of slats, surrounding the opening of 
the gage. 

The shields are of great importance in catching representative 
amounts of precipitation, especially snow. When a wind is blow- 
ing, and a shield is not used, the sides of the gag(^ cause wind eddies 
to form around and over the top of the gage, so that precipitation 
is blown away from the opening. If dry, light snow is falling, 
these eddies may even blow snow out of the gage. Unshielded 
gages may catch as much as 10 per cent less than shielded gages. 


Automatic Recording Rain Gages 

The tipping-hucket gage furnishes a means of automatically 
registering each hundredth of an inch of rain as it falls. 

The receiver has a diameter of 12 inches and is attached to a 
funnel. The funnel directs the stream of collected rain water over 
the center of the tipping-bucket bearing. As the section of the 
tipping bucket under the stream fills, it tips, causing a contact to 
close an electric circuit. This actuates a pen on a register. The 
tipping bucket is so designed that 0.01 inch of rain will cause the 
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A](('r wind shield for rrdncin: 
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bucket to tip. As one section tips, the opposite section is l)rouftht 
under the funnel opening;. Thus, every time 0.01 inch of rain 
accumulates, a contact is made and recorded on the register. 

The rain emptied by each tip of the bucket is colkHded at th(> 
bottom of the gage. At each observation, this wat('r is drawn oft 

through a stopcock at the l)ottom 
into a special lO-inch iiK^asuring tul)e 
pi‘ovided with tlu' gage. After each 
observation the bucket is ti])p(‘d ten 
times to record the time of lainfall 
measurement. Tlie special 10-incii- 
deep nK'asuring tube must, be used 
only with tlie tipping-buck('t gage. 
If for any reason the narrower nu'as- 
uring tube Ix'longing to the 8-inch 
gage is used, the apparent dei)th in it 
must be divided by 2.25. The meas- 
ured amount is used to check the 
amount recorded on the register*. 
I)ui‘ing heavy rain the bucket cannot 
tip often enough to i’(H*ord tlie true 
amount of rainfa,ll. On the otlua* 
hand, if less than 0.01 inch of i*ain 
falls, the tipping bucked, will not oper- 
ate. If a tipping bucket has not 
tipped, but is moi’e than half full, the 
u.s.w.B.vhotooraph. amouiit ill tlui bucket may be i*e- 
Fig. 76. Woighing-type rain gai'ded as 0.01 inch of precipitation. 

gage. The tipping-bucket gage can lie 

damaged by allowing preci[)itation 
to freeze in the buckets. When fixiezing is likely to occur, th(^ 
tipping buckets and cylindrieail portions of the gage should b(^ 
removed or cai’efidly covered. However, they should be replac(‘d 
whenev('r a rainfall at above freezing temperatur*es is imp(‘nding. 

The weighing-type rain and snoiv gage weighs the rain or* snow as 
it falls and automatically registers the depth of precipitation corr e- 
sponding to the weight. A pen attached to a spring scale makes a 
continuous record on a clock-dr*iven chart. At somci United States 
Weather Bureau installations the gage is placed on a tow(‘r and 
fitted with an Alter-type wind shield, to improve the exposui*e. 
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Use of Calcium Chloride 

Calcium chloride may be xmnl in rain gages at below freezing 
temperatures to keep the precipitation in liquid form. The con- 
centration of the calcium chloride solution must be kept high 
enough to prevent freezing at whatever temperatures may be 
expected. The basic concentration is one volume of calcium 
chloride to one volume of water. The solution is poured into the 
bucket, and a film of oil poured over the solution to prevent 
evaporation. 

As precipitation accumulates in the bucket, the solution is, of 
course, weakened. In order to keep the solution strong enough to 
prevent freezing, the solution must be recharged or additional 
calcium chloride added. The instructions on this issued by the 
United States Weather Bureau Hydrologic Supervisor at Cincin- 
nati, Ohio, for his region are quoted: 

TABLE X-2 


Temperature 
llange 
Expected 
+32" to +10" 
+ 10" to -10" 
-10" to -30" 
-30" to -00" 


Add a Carton 
of CaCl 2 When 
Chart Reads: 
5 V^2 inches 
4^ 2 inches 
2V^ inches 
2)2 inches 


Add a 

Second Carton 
of CaCIo When 
Chart Reads: 


5^2 inches 
5 inches 


Empty and 
Recharge When 
Chart Reads: 
10 inches 
8 inches 
8 inches 
7 inches 
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WINDS-ALOFT OBSERVATIONS 


Gkneual 

Wind direction and speed above surface of the earth are 
measured by observing the path taken by a freely as(*eriding 
balloon. The visual method employs either single or double 
theodolites to observe horizontal (azimuth) and vertical (elevation) 
angles at 1-minute intervals. Tlu^ ascensional ratc^ of the balloon 
is assumed constant when only one theodolite is used, and the 
path of the balloon may be plotted on a large protra(*tor. At 
night a small lantern or flashlight is attached to the balloon. 

The radio method employs a small radio transmittcu’ attached 
to the balloon and a ground radio direction-finding set to follow it. 
The radar method uses a target below the balloon which the 
ground radar follows to give slant range and azimuth and eleva- 
tion angles as the balloon as(;ends. 

All these methods require a balloon which is moved by the wind 
as it ascends through the atmosphere. Observation of the position 
of the balloon and its height at the beginning and end of a time 
interval gives the necessary data with which the mean wind direc- 
tion and speed through the layer may be (computed. The balloon 
and its attachments are so light that they respond immediately to 
changes of moving air layers through which they pass. 

Selection of Site fou Single Theodolite Observation 

The observation should bo made from a point from which an 
unobstructed view of the entire horizon may be obtained. Orien- 
tation points should be located nearby. The exac^t direction as 
measured from true north from the theodolite position to the 
orientation point should be determined when the observatory is 
established. 
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Balloons 

Pilot balloons, as the balloons used in these observations are 
ealled, are made' of rubbea- or Neoprene and usually weigh 30 grams 
or 100 giains. "Flu' United States Weather Bureau balloons are 
gemaally filled with lu'liuin, although in outlying stations hydro- 
gen is generated for this purj)ose. Tlu' fnH‘ lift giv’en to the balloon 
to j)rovid(i the neecvssary buoyancy is as follows: 

Free Lift 

JLUiun Hydrogen 

30-^ram balloons 104 grains 140 grams 

100-grain balloons 503 grams 450 grams 

lIydrog(‘n has more buoyancy; therefore, less ‘‘free lifU’ is required. 

ThKO OOLITES 

The th('odolit(' is a spi'cially (h'signed instrument similar in 
many respects to a surveyor’s transit. A small telescope is 



V.SAVM. photograph. 

Fig. 77. Theoilolito. 


mounted in such a maimtu’ that it can be turned on both a hori- 
zontal and a vertical axis. A vertical circle graduated in degrees 
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is provided for determining the elevation angle above the horizon 
when the balloon is sighted. A horizontal circle, similarly grad- 
uated, is provided for reading the azimuth angle from true north 
or the direction of the balloon, with reference to the theodolite, 
as it is observed in free flight. Tenths of degrees may be read from 
vernier scales. 

The rising balloon is observed continuously during flight, and, 
at 1-minute intervals, elevation and azimuth angles are read and 
recorded. 


Computations 

Tools necessajy to make computations of wind dii*ection and 
speed at standard levels comprise a plotting board oi* protractor 
and a slide rule or tables. The United States Weather Biirc^au 



Fig. 78. Vortical triangle for computation of ‘\listanco out.” d = /t/tan a. 

uses a graphical method of computation, which requires that the 
track or path of the balloon be plotted on a protractor, using the 
azimuth angle and a computation of the horizontal distance of 
the balloon from the station at the end of each l-minute intiTval. 
For standard balloons, tables are available of horizontal distance 
at each minute period for various values of the elevation angle. 




I'lG. 79. Protractor for computation of wind six'cd and direction in tlic iij)p('r 

air. 


( luAlMIS 

Direction and speed of winds aloft are ^rajdied as shown in 
Fig. 80. A detailed description of double theodolite computa- 
tions and the tail method of winds-aloft computation will be found 
in United States Weather Ihireau Circular O. These methods are 
in such restricted use as not to justify a description of them here. 
Description of winds-aloft observations that utilize electronic 
means wall be found in Chapter XII. 
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Fig. 80. Graphical prciscnlalion of wind direction and speed in tluj upper air. 






Chapter XII 


ELECTRONIC^ METEOROLOGK^AL OBSERVATIONS 


During the last half century meteorologists have been striving 
to attain better methods of determining the state of the upper 
atmosphcu’e, and to this end meteorographs, which are instruments 
for measuring and r(H*ording on a chart pr(^ssure, temperature, 
and in some cases relative' humidity, were dc'veloped. Since these 
instruments were (*arried aloft by a free balloon, availability of 
the recorde'd data depended on recovering the instrument after 
its des(*(ait. In tlui United States approximately 80 per cent of 
the instrumeaits ndease'd we're later recovereel, but the lapse of 
time? between the re?lease? of the me'teore)graph and its subsequent 
recovery was always such that the data could not be used for 
current fe)recasts. To eliminate? this lapse of time and to insure 
re?ce)very of the instruments the Weather Bureau developed kites 
to e?arry the?m aloft. The kites were later superseded by airplanes. 
Both kite?s and airplanes, however, had the disadvantage of being 
unusable during stormy weather, when information on the condi- 
tion of the upper atmosphere was needed most urgently. 

The problem presented by this situation was solved with tin? 
development of an inexpensive radiometcorograph, which is car- 
ried aloft by a free balloon while transmitting temperature, pres- 
sure, and humidity data to the ground by radio signals. During 
the war, radio dire(;tion-finding equipment, operated from the 
ground, was developed for tracking the position of the radiometeoro- 
graph during its ascent. It thereby became possible to determine 
the direction and speed of the winds aloft at all levels between the 
point of release and the bursting point of the balloon. Later 
developments permitted the determination of certain large-scale 
weather characteristics by a modification of the radio direction- 
finding principle (sf erics), or alternately by the princiiple of radio 
direction and ranging (radar). 
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Radiosonde Ousekvations 

For c()n\('riience, nidiosondo observ^ations are customarily 
referred to as raobs. The ol>servations ai’e taken with a radio- 
sonde, which consists of a therinonudi'r, a hygrometer, and a radio 
transmitter, all contained in a small, light-weight box. As the 
radiosonde is carried u]) through the atmosphere l)y a helium- or 
hydrogen-filled balloon, nidio signals arc' transmitted to the gnamd 
recc'iving station, wherc^ thc'y are automatically recorded. When 
the balloon Incrsts, the radiosonde descends to the surface of the 
earth on a small para(‘hut(^ 

The Radiosonde 

Radio Transmitter 

The radiosonde transmitter, one type of whi(*h is shown in 
Fig. 81, emits a radio signal at a frequency of 72.2 megacycle's. 



Fio. 81. Radiosonde. (CutavvMy shows evirviMl air dind, with inc'h'orological 
clenuaits on the left side and radio transmitlei’ and battery on tlu‘ low(‘i‘ right.) 

The signal is modulated by varying the resistance in the m(d(M3ro- 
logical control circuits by means of resistors sensitive to change's in 
temperatures and relative humidity and by two additional fixed 
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resistors. The fixed resistors are in circuits termed the high and 
low n^ference circuits, respectively. Figure 82 shows schematically 
the meteorological control circuits of the two models of modulated 
audiofrequency radiosondes now in general use in the United 
States. 


Baroswiich 

The bar()swit(‘h, shown in Fig. 82, has two functions in the 
radiosonde: (1) to indicate pressure' values during the sounding, 




Fig. 82 . Sclicniatic diagram showing commutator operated by aneroid cells 

as a baroswitch. 


and (2) to switch into the control circuit in a definite order the 
temperature, humidity, low reference, and high reference resistors. 
One side of the pressure diaphragm is fixed to a rigid support; the 
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other side of the distending diaphragm engages a contact arm 
through a suitable linkage. As the radiosonde ascends through 



Fig. 83. Pressure-contact calibration chart and humidity calibration chart. 
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The baioswitch cominutator consists of either 80 (Friez) or 
05 (Washington Institute of Technology) metallic segments sei)a- 
rated by di(*lectric material. Oiu^ metallic segnunit and tlu' suc- 
ceeding adjac(ait noncondu(*ting segment comprise one ‘‘contact.” 
TUo 80 (or 05) contacts are corn^lated with the indicated f)ressure 
valu(\s in such a manner that, when the number of the contaxd is 
known, tlu' corn^sponding indicated pressure can be determined 
from a calil)i‘ati()n chart as sliown in Fig. 83. 

by r(‘f(‘rring to t'ig. 82, it (*an be 
seen that, when the point of the con- 
tact ai’in r(‘sts on any one of several 
nu'tallic s(‘gments, a relay is (‘nergized 
so that th(‘ humidity rc'sistor is con- 
n(‘ct(‘d into tlu‘ nu'tc'orological control 
circuits. The otlier nu'tallic s('gments 
are conn(‘ct(‘d to tlu' high and low 
i’('f(‘r(‘nc(‘ circuits. W laai th(‘ contact 
|)oint r(‘sts on a nonconducting seg- 
nuMit, th(‘ tem|)(*rature resistor is in 
th(‘ control cii’cuit. 

Ten) pend are Elettienf 

T}i(‘ t(‘mp(‘ra(ur(‘ i’('sistor, or ele- 
ment, is mad(' of a c(‘ramic mate- 
rial, th(‘ r(‘sistanc(‘ of which incri'ases 
as tlu' t('mi)('ratiiri' d(‘ci‘('as(‘s. Figuix' 

84 shows the type of ti'injK'ratuix' 
element now in gcan'ral us('. 

For each mod(‘l of radiosonde*, a 
temperature e^'aluator is ])r(Aid(‘d. 

This evaluator is a two-scak^ slide rule desigiu'd to convert 
the record('d temi)(*rature ordinate into degrees (V'litigrade. As 
indicated in Fig. 85, one scale of the evaluator r(*presents the 
temperature ordinates, the other ( 'entigi'adi' t('m])eratures. Dur- 
ing a prerelease check of the radiosoncU*, known as tlu* “baseline 
check,” the temperature evaluator is set with the instrument 
shelter temp(*rature opposite the corresponding recorded tempera- 
ture ordinate. From this setting, the temp(*ratur(* for any level 
of the sounding can be determined by reading the temperature 
valiu* opposite* the temperature ordinate recorded for the level. 



I'lG. 84. Tciujx'ratun* t'lcincnt 
((vrainic). 
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The term ordinate is used as equivalent to the terms ‘hx^eorder 

ordinate/’ ‘‘chart division,” 
and “frequency division” 
wliich are found on the sev- 
('ral type's of evaluators and 
calibration charts used. 

Ifinnidity Element 

The humidity resistor or 
hv^romete'i' elenu'iit consists 
of a ch('nii(*ally coated plasties 
strip with metallized edges. 
The i‘('sistanc(' across the 

Fig. 85. Temperature evaluator. chemical film changes with 

variations in the relatix e hu- 
midity and the temperature of the air in which it is exposed. 
The effect of temperature is elimi- 
nated by means of a spt'cial graph, 
from wdiich the relative humidity of 
a given level of the sounding can Ix' 
determined as a function of l)oth the 
temperature and the humidity ordi- 
nate. Figure 83 shows a radiosonde 
calibration chart containing both tlui 
humidity evrduation graiih and the 
pressure calibration (airve. 

Ventilation Chamber 

The ti'inperature and humidity 
elements are instalk'd in tlu^ \en- 
tilation chamber of the radiosonde. 

The elements are surrouiuh'd by 
a cylindrical shield designc'd to re- 
duce the effects of radiation and 
insolation on the measun'inents. 

The nudhods of mounting the tern- ,, 

^ , , ... , riG. 8(). Humidity (‘liMiienl. 

peruture and Inunidity ekanents are 

shown in Fig. 81. chloride Holuliou. 
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The O round Kqttipment 

(ienernl 

T}i(‘ radiosonde f>;round ('quipnicait consists of an antenna, a 
sliort-\vav(' radio re(*ei\’(‘r, an eU'ctronic frcHjiiencv unit, and a 
recor(l(‘r. A voltage stal)iliz(‘r is added if iinj)roved rej^ulation is 
necessary l)ecanse of Huctnalions in the availal)le power supply. 



Fuj. 87. Hadiosoiulc ivceivor and recorder (radio ixctMvrr and fnajiKaicy 

meter). 

Tlu'se units are used in the process of receiving and recording the 
radiosondt' signals. 

A ntennas 

The dipole and wire-doublet antennas are the two types of 
radiosonde antennas in geiuu-al use. The standard \ ertical dij)ole 
antenna consists of a metal rod and a metal skirt, each approxi- 
mately one-quarter wavelength long. A gas-filled or a solid coaxial 
cable transmission line is used with this type of antenna to reduce 
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loss of signal strength. The wire-doublet antenna, consisting of 
two legs, each of which has a length of approximately one-quarter 
wavelength, is used for standby or emergency purposes. C'oaxial 
cable transmission line also produces l)etter results with this 
antenna, although twisted-pair telephone wire may be satisfac- 
tory for the transmission line provided its length is kept at the 
minimum to avoid loss of signal strength. 

Receivers 

Superregenerative and superheterodyne receivers with espe- 
cially designed audio-amplifiers are used for radiosonde reception 
on the 72.2-megacycle frequency. Superregenerative receivers are 
regarded as the better type for radiosonde observations, since tlu^y 
require less frequent tuning than the superheterodyne type and 
permit the observer to spend more time in evaluating the data as 
the record is made. However, at stations having (‘onsiderablc 
interference, the superheterodyne receiver usually gives better 
results, since it provides greater selectivity. 

Electronic Frequency Units 

All the common electronic frequency units embody the same 
operating principle. A pulsating direct current proportional to 
the frequency of the applied alternating-(;urrent voltage (input 
signal) operates a visual meter and a recorder. A current output 
of approximately 500 microamperes is required for full-scale de- 
flection of 100 ordinates. The several types of frequency units 
in service differ principally in mechanical design. Elaborate volt- 
age regulation is required so that the output current is controlled 
by the input signal without being affected by variations in the 
power supply. 

Recorders 

The two radiosonde recorders in general use are the micro- 
ammeter and potentiometer types. 

Microammeter recorder. The microammeter recorder is 
designed to register the position of a microammeter pointer. The 
position of the pointer depends on the current output of the elec- 
tronic frequency unit. A photoelectric scanning device causes an 
impression to be printed on the recorder chart paper at a point 
corresponding in value to the position of the pointer. 
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Potentiometer recorder. In the potentiometer recorder, 
the output of the electronic frequency unit is balanced against an 
automatically operated slidewire potentiometer. The balancing 
mechanism moves a pen to the point on the recorder chart paper 
corresponding to the adjustment of the potentiometer. 

Because of the detail and the frequent changes in instruments, 
United States Weather Bureau CircAilar P should be referred to for 
further information on this type of observation. 


Rawinsonde 

One of the most notal)le contributions to aerial navigation and 
iil)per-air meteorology (luring the war was th(^ development of 
radio direction-finding units that could Ixi us('d in conjunction 
with balloon-l)orne radiosonde^ transmitters to obtain winds-aloft 
observations at high levi'ls during all wc^ather (‘onditions. These 
observations are termed “rawinsondes,^^ a phrase contraction of 
“wind and radiosonde.” The direction-finding equipment was 
developed by the Army Signal Corps and the Farnsworth Tele- 
vision and Radio Corporation, and it is now being made available 
to the Weather ihireau for its upper-air program. The principal 
components of the new equipnumt are the radio recei\’er indicator 
with azimuth and elevation radar-type oscilloscope and antenna, 
d(\signated as the SCR-“()58 type. The Weather Bureau has been 
oj)erating 7() radiosonde stations in the United States and its 
possessions, and on ships in the Atlantic Ocean, where upper-air 
observations of temperature, pressure, and humidity arc made 
by means of a balloon-borne radio-meteorograph called a radio- 
sonde. This instrument transmits pressure, temperature, and 
humidity signals on a frequency of 72.2 megacycles to a radio 
receiver on the ground. The signal is automatically recorded, 
and values of the upper-air elements are obtained to the bursting 
point of the balloon. 

The new program involves a radiosonde operating on a frequency 
of 403 megacycles, which is suitable for radio direction-finding. 
The antenna of the SCR-OSS may be rotated through the vertical 
and horizontal axes so that maximum signal strength will be indi- 
cated by the oscilloscope when the antenna array is pointed di- 
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rectly at the ascending radiosonde. Elevation and azimuth angles 
may then be read on indicators at 1 -minute intervals. Direct 
computation of the altitude of the radiosonde may be made l)y 
pressure-temperature relationships, utilizing the values trans- 
mitted by the radiosonde during its flight. 

In actual practice, two observers working as a team are required 
to make the observation, compute the values, and code the data 
for transmission by teletype and radio at the scheduled times. 
One observer acts as the SCR'658 operator, and he is in general 
charge of the assembly of the radiosonde train, and of the actual 
operation of the direction-finding equipment. A radiosonde 
observer operates the radiosonde ground equipment, and he 
computes the pressure, temperature, altitude, and humidity data 
as they are received on the recorder. The first observ(u’ also com- 
putes the winds aloft. Azimuth and elevation angles are recorded 
each minute l)y the operator of the S(Tl-()58 set; altitudes are 
computed and given to him by the radiosonde observer as the flight 
progresses. With these data he computes the position of the bal- 
loon with respect to the station at each minute interval, and then 
obtains the wind direction and speed through the various levels 
of the flight. 

Radah Wind Finding 

Radar is a phrase contraction for ^Tadio direction and ranging. 
It represents a development made during the si^eond World War, 
originally for gun laying and bombing purposes, that led directly 
to a meteorological application. 

Radar propagates very short-wave bursts and receives back 
echoes from objects in the path of the bursts. The time difference 
between emission of the burst and reception of the c^cho is propor- 
tional to the distance of the object producing the echo. The direc- 
tion of the object can be determined from the orientation of the 
antenna array. 

In practice, a free balloon is released with an attached target 
that is tracked by the radar ground equipment in a manner similar 
to that of a theodolite. The range, and the elevation and azimuth 
angles, are used to compute by graphical means the wind vectors 
pertaining to all levels between the point of release and the burst- 
ing point of the balloon. The accuracy of the radar wind finding 
method is as good as or better than the single theodolite method. 
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Storm Detection 

Radar is also applied in meteorology to the discovery and track- 
ing of areas of clouds and precipitation. By using a 3-cm or a 
10-cm wavelength and a plan position indi(*ator scope, a ‘^map 
view” of storm areas may be continuously observed at radar sta- 
tions. Usually an area of 150 to 200 miles in radius is covered. 
This gives the meteorologist the first moving weather map repre- 
senting actual conditions over a large area. 


Othkr Developments 

Sferics 

The term “sferics” is a contraction of the word “atmospherics.” 
It is applied to a system of weather observation that makes use 
of the electrical characteristics accompanying many atmospheric 
phenomena. Sferic determination of electrically active areas 
requires the use of two stations separated by distances of 100 miles 
or more. Each station is equipped with a radio receiver operating 
from a loop antenna. h]ach antenna has two components, one 
for response to signals coming from a north-south direction and the 
other for signals coming from an east-west direction. When an 
electrical discharge is picked up, a cathode-ray tube indicates its 
direction from each of tlie sferic stations. Uommuncation between 
the stations is immediately establisluHl, and the bearings of each 
on the discharge are exchanged. Since the distance between each 
two stations is known, it Ix'comes a matter of simple triangulation 
to compute the distance and location of the discharge. 

Automatic Weather Station 

Meteorological data are frequentl}^ required from areas that are 
not suitable for habitation by weather observers. To satisfy the 
requirement automatic weather stations have been developed that 
have worked satisfactorily on mountain tops, remote and some- 
times wave-washed islands, swamps, and even on buoys anchored 
in the ocean. These stations have been especially useful under 
hurricane conditions, for their power supply is self-contained and 
the stations continue to function long after weather observers 
would have taken shelter. 

The automatic weather stations used by the United States 
Weather Bureau transmit, on a frequency of approximately 3 mega- 
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cycles, values of atmospheric pressure, wind direction, and wind 
speed. The data can be transmitted approximately (wery 30 sec- 
onds. Since they are powered by a storage battery, however, the 
transmitters are usually activated by means of a program clock 
only eight times a day. Under normal conditions of operation the 
automatic weather station will not require attention more often 
than once every five months, when the storage batteries must be 
recharged. With slight modification the instrument could be used 
to transmit rainfall, temperature, and humidity data. 

The transmitted signals of the automatic weather station are 
usually recorded automatically, the receiver and n^corder being 
turned on simultaneously with the transmitter. The receiving 
station itself may be automatically operated and so arranged that 
the received signals are retransmitted by land line to a weather 
office. The use of a receiving station remote from the weather 
office is occasionally necessary to insure receipt of dependable 
signals from the transmitter. 
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AN IMPROVISED WEATHER STATION * 


General 

In setting up an improvised weather station, observe all pre- 
cautions used in setting up a general meteorological station. The 
outside equipment should not be too close to obstacles; in general, 
it should be as far away from obstacles (trees, houses, etc.) as the 
obstacles are high. Extremes of topography such as dips and 
hollows, hilltops, and mountain crests should be avoided. For all 
instruments for the measurement of temperature and humidity 
a proper shelter has to be provided. The objectives of the shelter 
should be: to protect the instruments from direct and reflected 
solar radiation, to prevent precipitation from striking the instru- 
ments, and to allow free circulation of air around the instruments. 
Before making a thermometer shelter it may be helpful to study 
Figs. 88 and 89. Note that in many cases a steep roof supported 
by four legs and a platform for the instruments below will suffice 
to fulfill the requirements of a meteorological shelter. 

Ordinarily, improvised instruments will be suitable for direct 
reading only, yet the barometer, hygrometer, and thermometer 
described below can be converted into recording instruments if a 
clo(‘k is available from which the glass and the hands have been 
removed, and a flat round disk (top of a tin can) has been fastened 
to the axis of the hour hand. A simple drum from a tin can may 
also be placed on the axis, provided the clockwork is strong enough 
to move it. On the disk a piece of smooth paper can be fastened 
by one or two small pins; on a drum the paper can be held in place 
by two rubber bands. A recording pen fastened to the end of the 
pointer of the particular instrument will permit a recording of the 
element in question. The pens at the end of the pointer can be 

* From notes by AAFTTC. 


179 



180 


An Improvised Weather Station 


shaped from a piece of thin sheet metal. Recording ink can be 
made readily from a mixture of 2 parts of water and 1 part of 



No. 8, thermometer support. 
One like A, and two like B 


Fig. 88. Instrument-sheltor details. 

glycerin, colored by shavings from an indelible pencil. On the 
whole, home-made recorders are only as good as their clockwork. 
They also depend on the quality of paper. Further, the pen arms 






Screw holes 


End view showing ties and brace 
insiruuu'iil 


Front or rear section 
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must be constructed from resilient metal to keep the pen on the 
paper without developing too much friction. 

The instruments to be described in the following paragraphs will 
in general require only the most common types of materials, which 
are likely to be available almost anywhere, like tin cans, pieces of 
wood, bolts, and nails. The only tools necessary for building the 
instruments are usually tin shears, file, hammer, pliers, and solder- 
ing iron. Suggestions for using parts from old automobiles and 
plumbing fixtures that may be on hand are to be found in the 
individual instrument descriptions. For measuring and calibra- 
tion purposes, an inch ruler and a protractor are about the only 
‘^precision^^ pieces assumed to be available. 


Observation of Precipitation 

For the observation of precipitation, rain gages are readily built 
from ordinary tin cans. Figures 91 and 92 show (‘onstruction 
sketches and assembly of such a gage. An ordinary rain gage 
consists essentially of four parts: first and most difficult to build, 
the funnel; second, the outer receptacle; third, the collecting tube; 
and fourth, the measuring stick. It is desirable to obtain a reason- 
able magnification of the accumulated rain so that it can be readily 
measured. Ordinarily, a magnification of about ten to one is 
attempted. In order to achieve that, the outer rim of the recep- 
tacle funnel should encompass ten times the area of the inner 
tube. In other words, it is desired that ttK^ = lOTrr^, where li 
is the radius of the rim of the outer receptacle and r the radius of 
the inner tube. This indicates that the ratio of the radius of the 
outer receptacle R to the radius of the inner tube r should be equal 
to the a/IO, which is equal to 3.16. Roughly speaking, if an 
outer-receptacle radius of 3 inches is chosen, the radius of the 
inner tube should be about 1 inch; or, speaking in terms of diam- 
eters, one could also choose a can of 6-inch diameter and a piece 
of tubing of 2-inch diameter for the inner receptacle to achieve 
the purpose. 

The height of the outer receptacle probably should not exceed 
about the height of three medium-sized tin cans, because it will 
otherwise be difficult to solder and to get reasonably straight. 
Most difficult to construct is the funnel part of the rain gage. 
The procedure is illustrated in Fig. 92, 1. A piece of sheet metal 
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is illustrated there comprising about % of a circle, which is later 
soldered together at the (mds. This will give about the proper 



4 5 6 


Fig. 91. Rain-gage construction. 

slope to the funnel. If a larger portion of the circle is used a funnel 
with too little slope will result; and if a smaller portion of the circle 
is used a funnel with too steep a slope will result. The circum- 
ference of the of the circle should be such as to give the desired 
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outer circumference of the larger receptacle. In other words, it 
should be equal to 2TrR. 

The inner tube should be provided with an overflow hole at Wio 
top to avert loss of the ‘‘catch’^ if more rainfall occurs than tlu' 
inner tube will hold. Under these circumstances, the rain will 



Fig. 92. llain-j^agoroceivcr (funnel) const ruction. 


flow into the outer receptacle, and, after the amount in the inner 
tube has been measured, the portion spilled into the outer recep- 
tacle can be poured into the inner tube and then measured. 

Any graduated piece of wood can serve for the measuring stick. 
If the ratio of 1 to 10 is chosen }{{) inch on the measuring stick 
will correspond to inch of rainfall. 

In setting up the rain gage one should be careful to have the 
edge of the funnel in a horizontal position. 

If paint is available, it is desirable to have all parts painted in- 
side and outside so that the sheet metal will not rust. 
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Observations of the Wind 

For wind observations, it is necessary to measure two quantities: 
the direction of the wind, and the spec^d of th(^ wind. Both of 
them, of course, can be estimated. There are numerous procedures 
to ol)taiii an estimate of the ivind direction. The first step is to 
obtain the approximate astronomical din'ctions at the place where 
the ol)s(a'V’atioii is to be made. This is best ac hieved by means of 
star or solar observations. For most met(‘orological purposcis it 
is entirely satisfactory to have the wind direction correct within 
about 10° or 20°, so that a rather rough determination of the 
astronomical dircH'tion is satisfactory. Sighting toward the pole 
star of tlie northern hemisphere at night should be completely 
satisfactory to obtain the north-south direction. In daytime, 
the observation of th(‘ shadow of a stick set vertically into the 
ground should help. To obtain the south direction, for example, 
the procedure is to follow tlie shadow of the sti(‘k and mark the 
end of the shadow for a ixr’iod of time in midday. At solar noon, 
the shadow of the sti(‘k will be shortest, and a rough cur\’e drawn 
through the end points of the shadow will readily yield the approx- 
imates south i)osition of the sun; so that a line drawn from this 
minimum distan(*e of the shadow (‘urve to the center of the stick 
will give the north-south line. 

Astronomically determined directions are always superior to 
those obtained from compasses, particularly if the exact declina- 
tion at the particular locality is not known. In some areas the 
declinations may be so large, either on account of local anomalies 
or becaus(s of the vicinity of the magnetic poles of the earth, that 
compass directions are considerably off the true directions. 

In estimating the wind dircH'tion the face may be turned into the 
wind until tlui same force is felt on both cheeks. The direction 
one faces will then be the direction from which the wind is blowing. 
This is applicable only in strong winds. In weaker winds it is a 
more common practice to wet one\s finger and hold it up in the 
wind. The side of the finger that becomes coldest is facing toward 
the din'ction from which the wind is blowing, owing to the water^s 
evaporating on the skin. Smoke from a fire or a cigarette may 
also help in determining the wind direction. 

The Beaufort scale of equivalents is still by far the best method 
of obtaining a satisfactory estimate of the wind speed. 
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Recording wind vanes and anemometers are instruments that 
are difficult to construct and that require a precision machine 
shop, but simple substitute instruments can readily be made. 
Figures 93 and 94 present some suggestions. If possible, it is 



advisable to make a combination of wind vane and swinging plate 
anemometer. Little needs to be said about the construction of a 
wind vane. It can be built from sheet metal or wood. The steadi- 
est wind vanes are of the split-wing type, an angle of about 22° 
between the two wings being most advantageous. The weight 
of the wings should be counterbalanced in front by a counterweight 
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as streamlined as conditions will permit. The most difficult 
portion of the wind-vane construction is the bearing. In order 
to obtain satisfactory results be sure that the shaft of the wind 
vane is in a vertical position, and that there is as little friction as 
possible between the wind vane and the shaft. Numerous sug- 
gestions for making bearings of wind vanes will be found in Fig. 94, 
5 through 10. 

The wind vane is also used to turn the wind plate (pendulum 
anemometer) into the wind so that the wind will strike the front 
of the plate squarely. The stronger the wind, the greater will l)e 
the angle the plate makes with the vertical. For a sheet-iron 
plate, 0 by 12 inches and weighing 7 ounces (200 grams), the fol- 
lowing table gives the angle the plate will make w ith the vertical 
for a given Jicaufort force of the wdnd: 

Wind force 0 2 3 4 5 0 7 S 

Angle of plate with vortical O'" 4° 15® 31® 40° .58° 72° 81° 

In the construction of the plate these dimensions (‘an be readily 
adhert^d to even if sheet metal is not availabki by using w ood and 
giving it the proper weight by fastening a stone or a piece of m(dal 
to the back of the plate. The proper weight of the plate, if no 
scales are available, can be estimabxl by comparing with the 
weight of standardized products labekKl as to gross weight. Take 
care that the plate is hung in a vertical position and can swung 
freely. Numerous suggestions for hinges will be found in Fig. 93. 


Observation of Humidity 


For measurement of humidity, only two methods are common 
in meteorology: the psychrometer method, with wet-bulb and 
dry-bulb thermometers, and the hair hygrometer m(^thod. If 
thermometers are available, there is no difficulty in determining 
the humidity from wet- and dry-bulb readings, provided tliat 
tables for conversion of these readings into relative humidities or 
dew points are available. Even if only one thermometer should 
be on hand, it is possible to obtain a humidity measurement by 
first using it as a dry-bulb thermometer and then putting a wick 
around it and using it as a wet-bulb thermometer. If no psychrom- 
eter tables arc on hand, A. J. Turner^s formula may be helpful: 


Relative humidity = 100 — 3 



100 
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whore t is the dry-bulb temperature and t' the wet-bulb tempera- 
ture, both in degrees Fahrenheit. This formula will permit an 
estimate of the relative humidity within about 3 per cent in the 
normal ranges of that element. 

If thermometer's are not available, the observer will have to 
resort to the construction of a hair hygrometer. Any type of 



la 2a 3a 4a 

Fig. 95. Hair-hygrometer coiistriu^tion. 


straight human hair will be suitable for the purpose. Hairs should 
not be shorter than about 8 inches. Figure 1)5 gives some sugges- 
tions for the construction of a hair hygrometer. If the hygrometer 
is delicately built, a single hair will yield good measurements, 
provided that it is given sufficient time for adaptation. This 
means that the hygrometer should remain in the environment 
where the measurement is to be made for at least 20 minutes. For 
more ruggedly built hygrometers, a bundle of 5 to 15 hairs could 
be used for the construction. 
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Before human hair can be used for hygrometric purposes, it has 
to be cleaned from scales and grease by boiling it in clean water. 
If pure alcohol, ether, or benzine is available, the hair should be 
cleaned by soaking it 24 hours in any of these liquids. Thereafter 
touching the hair with hands or fingers should be avoided as far 
as possible. Best results with hair hygrometers of the type shown 
in Fig. 95 have been obtained with al)out five hairs. Everything, 
especially the pointer, should be made as light as possible. A thin 
sliver of wood may often serve for the pointer. 

Calibrating the scale of the improvised hair hygrometer is the 
most difficHilt procedure that has to preevAe its use. The upper 
fixed point, that is, 100 per cent relative humidity, can be found 
rather easily by placing the whole instrument in a box in which 
it is surrounded by wet towels. The space will rapidly become 
saturated with water vapor, and the hair hygrometer should indi- 
cate 100 per cent relative humidity. The task is tlum to find a 
second point on the scale. Onca) two points are known the remain- 
der can be determined by the well-known relation between expan- 
sion of the individual hair or bundle of hairs and the relative 
humidity. If sulphuric acid is available, a 50 per (;ent solution at 
68° F. will, for example, yield a relative humidity of 34 per cent 
in a closed container. A 70 per cent sulphuric acid solution will 
yield, in an enclosed space, a relative humidity of about 4 per cent. 
These acid solutions may be available in places where stonige 
batteries are being recharged. If sulphuric acid is used in obtain- 
ing calibration points, none should be permitted to fall on the 
hair, because the acid will impair its usefulness. If ordinary table 
salt is available, a saturated solution in distilled water will yield, 
in an enclosed space and after equilibrium has been rc^ached, about 
75 per cent relative humidity. The relative change of the length 
of the hair with relative humidity in terms of the total possible 
change of the given hair or strand of hairs is shown in the following 
table: 

Percentage Change op Length of Human Hair in Terms op Total 
Length Change with Varying Kelative Humidity 

% relative humidity 0 10 20 30 40 50 60 70 80 90 100 
% of total length change 0 20.9 38.8 52.8 63.7 72.8 79.2 85.2 90.5 95.4 100 

If one has obtained any two points on the scale, the proportion 
of the total length change will be known, and the other points can 
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be obtained by calculation. For example, if one used a 50 per cent 
sulphuric acid solution yielding 34 per cent humidity to obtain 
the lower fixed point, it can l)e seen from the table that 34 per cent 
would account for about 57 per cent of the total length change 
possible for human hair. In other words, between the two ob- 
served points of 34 and 100 per cent relative humidity would be 
43 per cent of the total change that could be observed on the scale 
of the instrument. This 43 per cent is subdivided in accordance 
with the ratios shown in the table, and the portion toward the 
lower relative humidities is extrapolated. 


Observations of Pressure 

The measurement of the al)solute value of atmospheric pressure 
by means of improvised equipment is difficult to ac'complish with 
accuracy. The reason is that one would need either to build a 
mercurial baromc^ter or to have means for an accurate calibration 
of an aneroid barometer. The first requires the availability of 
accurately drawn capillary tubing and a sufficient amount of 
mercury, which usually will not be on hand, and both require 
pressure chambers for calibration which are usually unavailable 
also. Comparison with a standard barometer over a period of 
time may be possible. Since measurements of the absolute amount 
of pressure with improvised equipment seem not to be obtainable, 
the next best substitute is the measun'ment of pressure changes. 
And that, in spite of the fa(‘t that the absolute pressures involved 
in the change may be unknown, is still of great value to the weather 
forecaster. Two types of instruments to indicate pressure varia- 
tions will be described here. 

One is based on the aneroid barometer; the other is a variometer, 
which might be called a latter-day descendant of the old familiar 
New England weather glass. For the aneroid-type barometer, 
which is shown in Fig. 90, a box evacuated of air is needed, and 
this may be as simple as a can of vacuum-packed coffee. If such 
a can is available, the only task of (‘onstruetion is to fasten a 
pointer to the can to act as an index of any pressure changes that 
may occur. Various suggestions about the manner in which such 
a pointer may be fastened to a vacuum packed coffee can are 
indicated in 0 to 15 of Fig. 90. The disadvantage of this instru- 
ment is that the can will react not only to pressure changes but 
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also, to some extent, to temperature changes. It has, therefore, 
to be kept at an even temperature and must particularly be pro- 
tected against direct solar radiation. In areas where the daily 
variation of temperature is very large, the can will have to be pro- 
t(^cted by an insulating l)ox. Yet, generally, the can will react 
against pressure more than against temperature changes, and thus 
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all major and rapid pressure changers will be readily indicated by 
the instrument. 

The second type of instrument is a variometer, which will indi- 
cate changes of pressure over a specified interval of time. It may 
be constructed from a thermos bottle which is sealed off against 
the outside by means of a tightly fitting stopper of rubber or waxed 
cork. Through the stopper a piece of glass tubing is snugly fitted, 
bearing some indicator liquid in a U-shaped extension. One of 
the arms of the U-shaped indicator tube may bear a scale or an 
index to facilitate the reading. Any slowly evaporating liquid 
(such as oil) will serve as indicator. If available, a tube with a 
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relatively narrow bore should be used. Such tubes can be made 
out of capillaries salvaged from broken thermometers or barome- 
ters, but any other piece of glass tul)ing will do. The wider the 
bore, the less sensitive the instrument is. A certain amount of 
control over the sensitivity can be exercised through the slope 
adopted for the indicator tube. 

If the outside pressure falls, the liquid in the indicator will move 
toward the end of the capillary; if the outside pressure rises, the 
liquid will move in the capillary toward the side of the flask. 
Since the enclosed volume of air in the bottle will react not only 
to pressure but also to temperature, a thermos bottle in which 
the temperature can be kept relatively even is advantageous. In 
order to control the temperature inside of the bottle, it is advisable 
to put a mixture of water and ice into the bottom of the bottle, 
because the mixture will keep the temperature exactly at the 
freezing point, and, as long as both water and i(*(^ are prcsc^nt, tlu^ 
temperature will be maintain(id at that point. Whenever the ice 
is melted, another piece of ice can l)e added and tlie temperature 
brought back to the freezing point. If a vacuum bottle is not 
available, any ordinary glass bottle will serve the same puri)ose, 
although not so well. In any event, it should be insulated against 
temperature changes as well as possible. This is recommended 
even with the thermos bottle, which should be wrapped in (‘otton 
or cloth and put into a protective box with only the indicator 
capillary visible. Protection against direct sunlight is essential. 

Observations of Temperature 

The only type of thermometer that is common in meteorological 
observatories is a ^fliquid-in-glass” thermometer. It is impossible 
to improvise constructions of that type, and therefore the instru- 
ments that can lie built as substitute equipment for thermometers 
will have to be metallic expansion thermometers or bimetal ther- 
mometers. Drawings showing the construction of these arc given 
in Fig. 98. Drawing 1 of that figure shows a metallic expansion 
thermometer for which a piece of metallic tubing, of the type fre- 
quently found in engines, or any stiff long rod, can be used. This 
piece of tubing or rod is fastened to one side of and against a heavy 
block of wood or stone, so that it can expand only at the other end 
if the temperature changes. At that end the pointer is pressed 
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against the tubing by means of a little steel spring, and thus a 
thcrmometric reading can be obtained. C'alibration of such a 
piece of equipment without thermometers available for com- 
parison is rather difficult, although wherever water and ice are 
available at least the freezing point (32° F.) can be established 
on the scale. A second approximate fixed point can be obtained 
by warming the tem|)(*ratur(‘-sensitive part of the element with 
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the hands, the inside palm temperature being usually about 90° F. 
Subdivisions are linear on this instrument. The sensitivity of the 
instrument will depend, of course, in part upon the length of tub- 
ing used for the measuring l)ody, which should not be too small. 
lOight inches or so is about the minimum that will give satisfactory 
results. Even then the pointer has to be arranged in such a fashion 
that there is sufficient leverage to magnify the very small expan- 
sion of the tubing. 

Drawings 2 and 3 of Fig. 08 show two constructions of simple 
bimetallic thermometers; 2 will need the metal of higher coeffi- 
cient expansion on the outside (iron, steel). Two thin lamina of 
these metals should be riveted, welded, or soldered together. 
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Rolling is most desirable if there is equipment for that purpose on 
hand. Normally, soldering will satisfy minimum requirements. 
A thermometer constructed of two soldered strips of metal will 
not stand up for very long, because solder has a tendency to break 
loose under stress. Instead of the ring form shown in 2, a straight 
form indicated in 3 may be used for the bimetallic tlu^rmometer. 
This type of instrument is, in its home-made form, rather 
insensitive. 


Estimation of Cloud Height 

There is no reliable way to determine exact cloud height by 
estimation. However, when an observer is re(iuired to give his 
best estimate without the aid of cloud measuring device's, he may 
resort to one or more methods. Comparison of cloud height 
against a mountain or hill may give a direc't answer if the height 
of the land is known and if the cloud toiu'hes the mountain side* 
or is directly over the e‘r(*st. 

For clouds caused by convection, such as cumulus, and strato- 
cumulus during high winds, the temperature anel dew-iioint for- 
mula may be used te) obtain an indication e)f the len el where e*on- 
densation takes place. The approximate formula is 

T - D.P. 

Height of cloud = X 1,000 fe'ct 

4.5 

where T and D.P. are in degrees Fahrenheit. For example, if the 
temperature is 65° F. and the dew point is 56° F., the difference 
is 9° F. and 

9 

Height of convective cloud = — X 1,000 = 2,000 feet 

4.5 

Estimates based on experiemee and cloud type may serve when 
the foregoing methods do not apply. 
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TABLE A-1 

Barometric Inches {Mercury) into Millibars 
1 inch = 33.86395 mb.; 1 mb. = 0.02952993 inch 


Inches 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 


mb . 

mb . 

mh . 

mb . 

mb . 

mb . 

mb . 

mb . 

mb . 

mb . 

26.0 

880.5 

880.8 

881.1 

881.5 

881.8 

882.2 

882.5 

882.8 

883.2 

883.5 

26.1 

883.8 

884.2 

884.5 

884.9 

885.2 

885.5 

885.9 

886.2 

886.6 

886.9 

26.2 

887.2 

887.6 

887.9 

888.3 

888.6 

888.9 

889.3 

889.6 

889.9 

890.3 

26.3 

890.6 

891.0 

891.3 

891.6 

892.0 

892.3 

892.7 

893.0 

893.3 

893.7 

26.4 

894.0 

894.3 

894.7 

895.0 

895.4 

895.7 

896.0 

896.4 

896.7 

897.1 

26..5 

897.4 

897.7 

898.1 

898.4 

898.7 

899.1 

899.4 

899.8 

900.1 

900.4 

26.6 

900.8 

901.1 

901.5 

901.8 

902.1 

902.5 

902.8 

903.2 

903.5 

903.8 

26.7 

904.2 

904.5 

904.8 

905.2 

905.5 

905.9 

906.2 

906.5 

906.9 

907.2 

26.8 

907.6 

907.9 

908.2 

908.6 

908.9 

909.2 

909.6 

909.9 

910.3 

910.6 

26.1) 

910.9 

911.3 

911.6 

912.0 

912.3 

912.6 

913.0 

913.3 

913.6 

914.0 

27.0 

914.3 

914.7 

915.0 

915.3 

915.7 

916.0 

916.4 

916.7 

917.0 

917.4 

27.1 

917.7 

918.1 

918.4 

918.7 

919.1 

919.4 

919.7 

920.1 

920.4 

020.8 

27.2 

921.1 

921.4 

921.8 

922.1 

922.5 

922.8 

923.1 

923.5 

923.8 

924.1 

27.3 

924.5 

924.8 

925.2 

925.5 

925.8 

926.2 

926.5 

926.9 

927.2 

927.5 

27.4 

927.9 

928.2 

928.5 

928.9 

929.2 

929.6 

929.9 

930.2 

i 930.6 

930.9 

27.5 

931.3 

931.6 

931.9 

932.3 

932.6 

933.0 

933.3 

9.33.6 

934.0 

934.3 

27.0 

934.6 

935.0 

935.3 

935.7 

936.0 

936.3 

936.7 

937.0 

937.4 

937.7 

27.7 

938.0 

938.4 

938.7 

939.0 

939.4 

1 939.7 

940.1 

940.4 

940.7 

941.1 

27.8 

941.4 

941.8 

942.1 

942.4 

942.8 

943.1 

943.4 

943.8 

944.1 

944.5 

27.1) 

944.8 

945.1 

945.5 

945.8 

946.2 

946.5 

946.8 

947.2 

947.5 

947.9 

28.0 

948,2 

948.5 

948.9 

949.2 

949.5 

949.9 

950.2 

950.6 

950.9 

951.2 

28.1 

951.6 

951.9 

952.3 

952.6 

952.9 

9.53.3 

9,53.6 

9.53.9 

954.3 

954.6 

28.2 

955.0 

955.3 

955.6 

956.0 

956.3 

956.7 

957.0 

957.3 

957.7 

958.0 

28.3 

958.3 

9.58,7 

959.0 

959.4 

959.7 

960.0 

960.4 

960.7 

961.1 

961.4 

28.4 

961.7 

962.1 

962.4 

962.8 

963.1 

963,4 

963.8 

964.1 

964.4 

964.8 

28.5 

965.1 

965.5 

965.8 

966.1 

966.5 

966.8 

967.2 1 

967.5 

967.8 

968.2 

28.6 

968.5 

968.8 

969.2 

969.5 

969.9 

970.2 

970.5 

970.9 

971.2 

971.6 

28.7 

971.9 

972.2 

972.6 

972.9 

973.2 

973.6 

973,9 

974.3 

974.6 

974.9 

28.8 

975.3 

975.6 

976.0 

976.3 

976.6 

977.0 

977.3 

977.7 

978.0 

978.3 

28.9 

978.7 

979.0 

979.3 

979.7 

980.0 

980.4 

980.7 

981.0 

981.4 

981.7 

29.0 

982.1 

982.4 

982.7 

983.1 

983.4 

98.3.7 

984.1 

984.4 

984.8 

985.1 

29.1 1 

985.4 

985.8 

986.1 

986.5 

986.8 

987.1 

987.5 

987.8 

988.2 

988.5 

29.2 

988.8 

989.2 

989.5 

989.8 

990.2 

9‘K).5 

990.9 

991.2 

991.5 

991.9 

29.3 

992.2 

992.6 

992.9 

993.2 

993.6 

993.9 

994.2 

994.6 

994.9 

995.3 

29.4 

995.6 

995.9 

996.3 

996.6 

997.0 

997.3 

997.6 

998.0 

998.3 

998.6 

29.5 

999.0 

999.3 

999.7 

1000.0 

1000.3 

1000.7 

1001.0 

1001.4 

1001.7 

1002.0 

29.6 

1002.4 

1002.7 

1003.1 

1003.4 

1003.7 

1004.1 

1004.4 

1004.7 

1005.1 

1005.4 

29.7 

1005.8 

1006.1 

1006.4 

1006.8 

1007.1 

1007.5 

1007.8 

1008.1 

1008.5 

1008.8 

29.8 

1009.1 

1009.5 

1009.8 

1010.2 

1010.5 

1010.8 

1011.2 

1011.5 

1011.9 

1012.2 

29.9 

1012.5 

1012.9 

1013.2 

1013.5 

1013.9 

1014.2 

1014.6 

1014.9 

1015.2 

1015.6 

30.0 

1015.9 

1016.3 

1016.6 

1016.9 

1017.3 

1017.6 

1018.0 

1018.3 

1018.6 

1019.0 

30.1 

1019.3 

1019.6 

1020.0 

1020.3 

1020.7 

1021.0 

1021.3 

1021.7 

1022.0 

1022.4 

30.2 

1022.7 

1023.0 

1023.4 

1023.7 

1024.0 

1024.4 

1024.7 

1025.1 

1025.4 

1025.7 

30.3 

1026.1 

1026.4 

1026.8 

1027.1 

1027.4 

1027.8 

1028.1 

1028.4 

1028.8 

1029.1 

30.4 

1029.5 

1029.8 

1030,1 

1030.5 

1030.8 

1031.2 

1031.5 

1031.8 

1032.2 

1032.5 

30.5 

1032.9 

1033.2 

1033.5 

1033.9 

1034.2 

1034.5 

1034.9 

10,35.2 

1035.6 

1035.9 

30.6 

1036.2 

1036.6 

1036.9 

1037.3 

1037.6 

1037.9 

1038.3 

1038.6 

1038.9 

1039.3 

30.7 

1039.6 

1040.0 

1040.3 

1040.6 

1041.0 

1041.3 

1041.7 

1042.0 

1042.3 

1042.7 

30.8 

1043.0 

1043.3 

1043.7 

1044.0 

1044.4 

1044.7 

1045.0 

1045.4 

1045.7 

1046.1 

30.9 

1046.4 

1046.7 

1047.1 

1047.4 

1047.8 

1048.1 

1048.4 

1048.8 

1049.1 

1049.5 

31.0 

1049.8 

10.50.1 

1050.5 

1050.8 

1051.1 

1051.5 

1051.8 

1052.2 

1052.5 

1052.8 

31.1 

10.53.2 

1053.5 

1053.8 

1054.2 

1054.5 

1054.9 

1055.2 

10,55.5 

1055.9 

1056.2 

31.2 

1056.6 

1056.9 

1057.2 

1057.6 

1057.9 

1058.2 

1058.6 

1058.9 

1059.3 

1059.6 

31.3 

1059.9 

1060.3 

1060.6 

1061.0 

1061.3 

1061.6 

1062.0 

1062.3 

1062.7 

1063.0 

31.4 

1063.3 

1063.7 

1064.0 

1064.3 

1064.7 

1065.0 

1065.4 

1065.7 

1066.0 

1066.4 

31.5 

1066.7 

1067.1 

1067.4 

1067.7 

1068.1 

1068.4 

1068.7 

1069.1 

1069.4 

1069.8 

31.6 

1070.1 

1070.4 

1070.8 

1071.1 

1071.5 

1071.8 

1072.1 

1072.5 

1072.8 

1073.1 

31.7 

1073.5 

1073.8 

1074.2 

1074.5 

1074.8 

1075.2 

1075.5 

1075.9 

1076.2 

1076.5 

31.8 

1076.9 

1077.2 

1077.6 

1077.9 

1078.2 

1078.6 

1078.9 

1079.2 

1079.6 

1079.9 

31.9 

1080.3 

1080.6 

1080.9 

1081.3 

1081.6 

1082,0 

1082.3 

1082.6 

1083.0 

1083.3 



TABLE A-2 

Fahrenheit to Centigrade Temperatures 


" F . 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 


“ C . 

° C . 


" C . 

" C . 

*■ 0 . 



° C . 


- 0 

- 17.78 

- 17.83 

- 17.89 

- 17.94 

- 18.00 

- 18.06 

- 18.11 

- 18.17 

- 18.22 

- 18.28 

1 

18.33 

18.39 

18.44 

18.50 

18.56 

18.61 

18.67 

18,72 

18.78 

18.83 

2 

18.89 

18.94 

19.00 

19.06 

19.11 

19.17 

19.22 

19.28 

19.33 

19.39 

3 

19.44 

19.50 

19.56 

19.61 

19.67 

19.72 

19.78 

19.83 

19.89 

19.94 

4 

20.00 

20.06 

20.11 

20.17 

20.22 

20.28 

20.33 

20.39 

20.44 

20.50 

- 5 

- 20.56 

- 20.61 

- 20.67 

- 20.72 

- 20.78 

- 20.83 

- 20.89 

- 20.94 

- 21.00 

- 21.06 

6 

21.11 

21.17 

21.22 

21.28 

21.33 

21.39 

21.44 

21.50 

21.56 

21.61 

7 

21.67 

21.72 

21.78 

21.83 

21.89 

21.94 

22.00 

22.06 

22.11 

22.17 

8 

22.22 

22.28 

22.33 

22.39 

22.44 

22.50 

22.56 

22.61 

22.67 

22.72 

9 

22.78 

22.83 

22.89 

22.94 

23.00 

23.06 

23.11 

23.17 

23.22 

23.28 

-10 

- 23.33 

- 23.39 

- 23.44 

- 23.50 

- 23.56 

- 23.61 

- 23.67 

- 23.72 

- 23.78 

- 23.83 

11 

23.89 

23.94 

24.00 

24.06 

24.11 

24.17 

24.22 

24.28 

24.33 

24.39 

12 

24.44 

24.50 

24.56 

24.61 

24.67 

24.72 

24.78 

24.83 

24.89 

24.94 

13 

25.00 

25.06 

25.11 

25.17 

25.22 

25.28 

25.33 

25.39 

25.44 

25.50 

14 

25.56 

25.61 

25.67 

25.72 

25.78 

25.83 

25.89 

25.94 

26.00 

26.06 

-15 

- 26.11 

- 26.17 

- 26.22 

- 26.28 

- 26.33 

- 26.39 

- 26.44 

- 26..50 

- 26.56 

- 26.61 

16 

26.67 

26.72 

26.78 

26.83 

26.89 

26.94 

27.00 

27.06 

27.11 

27.17 

17 

27.22 

27.28 

27..33 

27.39 

27.44 

27.50 

27.56 

27.61 

27.67 

27.72 

18 

27.78 

27.83 

27.89 

27.94 

28.00 

28.06 

28.11 

28.17 

28.22 

28.28 

19 

28.33 

28.39 

28.44 

28.50 

28.56 

28.61 

28.67 

28.72 

28.78 

28 . 8:1 

-20 

- 28.89 

- 28.94 

- 29.00 

- 29.00 

- 29.11 

- 29.17 

- 29.22 

- 29.28 

- 29.33 

- 29.39 

21 

29.44 

29.50 

29.56 

29.61 

29.67 

29.72 

29.78 

29.83 

29.89 

29.94 

22 

30.00 

30.06 

30.11 

30.17 

30.22 

30.28 

30.33 

30.39 

30.44 

30.50 

23 

30.56 

30.61 

30.67 

30.72 

30.78 

30.83 

30.89 

30.94 

31.00 

31,06 

24 

31.11 

31.17 

31.22 

31.28 

31.33 

31.39 

31.44 

31.50 

31.56 

31.61 

-25 

- 31.67 

- 31.72 

- 31.78 

- 31.83 

- 31.89 

- 31.94 

- 32.00 

- 32.06 

- 32.11 

- 32.17 

26 

32.22 

32.28 

32.33 

32.39 

32.44 

32.50 

32.56 

32.61 

32.67 

32.72 

27 

32.78 

32.83 

32.89 

32.94 

33.00 

33.06 

33.11 

33.17 

33.22 

33.28 

28 

33.33 

33.39 

33.44 

33.50 

33.56 

33.61 

33.67 

33.72 

33.78 

33.83 

29 

33.89 

33.94 

34.00 

34.06 

34.11 

34.17 

34.22 

34.28 

34.33 

34.39 

-30 

- 34.44 

- 34.50 

- 34.56 

- 34.61 

- 34.67 

- 34.72 

- 34.78 

- 34.83 

- 34.89 

- 34.94 

31 

35.00 

35.06 

35.11 

35.17 

35.22 

35.28 

35.33 

35..39 

35.44 

35.50 

32 

35.56 

35.61 

35.67 

35.72 

35.78 

35.83 

35.89 

35.94 

36.00 

36.06 

33 

36.11 

36.17 

36.22 

36.28 

36.33 

36.39 

36.44 

36.50 

36.56 

36.61 

34 

36.67 

36.72 

36.78 

36.83 

36.89 

36.94 

37.00 

37.06 

37.11 

37.17 

-35 

- 37.22 

- 37.28 

- 37.33 

- 37.39 

- 37.44 

- 37.50 

- 37.56 

- 37.61 

- 37.67 

- 37.72 

36 

37.78 

37.83 

37.89 

37.94 

38.00 

38.06 

38.11 

38.17 

38.22 

38.28 

37 

38.33 

38.39 

38.44 

38.50 

38.56 

38.61 

38.67 

38.72 

38.78 

38 . 8:1 

38 

38.89 

38.94 

39.00 

39.06 

39.11 

39.17 

39.22 

39.28 

39.33 

39.39 

39 

39.44 

39.50 

39.56 

39.61 

39.67 

39.72 

39.78 

39.83 

39.89 

39.94 

-40 

- 40.00 

- 40.06 

- 40.11 

- 40.17 

- 40.22 

- 40.28 

- 40.33 

- 40.39 

- 40.44 

- 40.50 

41 

40.56 

40.61 

40.67 

40.72 

40.78 

40.83 

40.89 

40.94 

41.00 

41.06 

42 

41.11 

41.17 

41.22 

41.28 

41.33 

41.39 

41.44 

41.50 

41.56 

41.61 

43 

41.67 

41.72 

41.78 

41.83 

41.89 

41,94 

42.00 

42.06 

42.11 

42.17 

44 

42.22 

42.28 

42.33 

42.39 

42.44 

42.50 

42.56 

42.61 

42.67 

42.72 

-45 

- 42.78 

- 42.83 

- 42.89 

- 42.94 

- 43.00 

- 43.06 

- 43.11 

- 4 . 3.17 

- 43.22 

- 43.28 

46 

43.33 

43.39 

43.44 

43.50 

43.56 

43.61 

43.67 

43.72 

43.78 

43.83 

47 

43.89 

43.94 

44.00 

44.06 

44.11 

44.17 

44.22 

44.28 

44.33 

44.39 

48 

44.44 

44.50 

44.56 

44.61 

44.67 

44.72 

44.78 

44.83 

44.89 

44.94 

49 

45.00 

45.06 

45.11 

45.17 

45.22 

45.28 

45.33 

45.39 

45.44 

45.50 

-50 

- 45.56 

- 45.61 

- 45.67 

- 45.72 

- 45.78 

- 45.83 

- 45.89 

- 45.94 

- 46.00 

- 46.06 

51 

46.11 

46.17 

46.22 

46.28 

46.33 

46.39 

46.44 

46.50 

46.56 

46.61 

52 

46.67 

46.72 

46.78 

46.83 

46.89 

46.94 

47.00 

47.06 

47.11 

47.17 

53 

47.22 

47.28 

47.33 

47.39 

47.44 

47.50 

47.56 

47.61 

47.67 

47.72 

54 

47.78 

47.83 

47.89 

47.94 

48.00 

48.06 

48.11 

48.17 

48.22 

48.28 

-55 

- 48.33 

- 48.39 

- 48.44 

- 48.50 

- 48.56 

- 48.61 

- 48.67 

- 48.72 

- 48.78 

- 48.83 

56 

48.89 

48.94 

49.00 

49.06 

49.11 

49.17 

49.22 

49.28 

49.33 

49.39 

57 

49.44 

49.50 

49.56 

49.61 

49.67 

49.72 

49.78 

49.83 

49.89 

49.94 

58 

50.00 

50.06 

50.11 

50.17 

50.22 

50.28 

50.33 

60.39 

60.44 

50.50 

59 

50.56 

50.61 

50.67 

50.72 

50.78 

50.83 

50.89 

50.94 

51.00 

51.06 
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TABLE A~2 {Continued) 
Fahrenheit to CerUigrade Temperatures 


"F. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 


"C. 

T. 


T. 


®C. 

T. 

°C. 

T. 

“C 

+60 

+ 15.56 

+15.61 

+15.07 

+15.72 

+ 15.78 

+15.83 

+15.89 

+15.94 

+16.00 

+16.06 

59 

15.00 

15.06 

15.11 

15.17 

15.22 

15.28 

15.33 

15.39 

15.44 

15.50 

58 

14.44 

14.50 

14.56 

14.61 

14.67 

14.72 

14.78 

14.83 

14.89 

14.94 

57 

13.89 

13.94 

14.00 

14.00 

14.11 

14.17 

14.22 

14.28 

14.33 

14.39 

50 

13.33 

13.39 

13.44 

13.50 

13.56 

13.01 

13.67 

13.72 

13.78 

13.83 

+55 

oc 

+ 

+ 12.83 

+12.89 

+ 12.94 

+13.00 

+ 13.06 

+13.11 

+ 13.17 

+ 13.22 

+13.28 

54 

12.22 

12.28 

12.33 

12.39 

12.44 

12.50 

12.56 

12.01 

12.67 

12.72 

53 

11.07 

11.72 

11.78 

11.83 

11,89 

11.94 

12.00 

12.06 

12,11 

12.17 

52 

11.11 

11.17 

11.22 

11.28 

11.33 

11.39 

11.44 

11.50 

11.56 

11.61 

51 

10.50 

10.01 

10.07 

10.72 

10.78 

10.83 

10.89 

10.94 

11.00 

11.06 

+50 

+ 10.00 

+ 10.06 

+10.11 

+10.17 

+10.22 

+10.28 

+10.33 

+10.39 

+10.44 

+ 10.50 

49 

9.44 

9.50 

9.50 

9.01 

9.67 

9.72 

9.78 

9.83 

9.89 

9.94 

48 

8.89 

8.94 

9.00 

9.06 

9.11 

9.17 

9.22 

9.28 

9.33 

9.39 

47 

8.33 

8.39 

8.44 

8.60 

8.56 

8.61 

8.67 

8.72 

8.78 

8.83 

40 

7.78 

7.83 

7.89 

7.94 

8.00 

8.06 

8.11 

8.17 

8.22 

8.28 

+45 

+ 7.22 

+ 7.28 

+ 7.33 

+ 7.39 

+ 7.44 

+ 7.50 

+ 7.56 

+ 7.61 

+ 7.67 

+ 7.72 

44 

0.07 

6.72 

6.78 

6.83 

6.89 

6.94 

7.00 

7.06 

7.11 

7.17 

43 

O.ll 

0.17 

6.22 

0.28 

6.33 

6.39 

6.44 

6.50 

6.50 

6.61 

42 

5.50 

5.01 

5.67 

5.72 

5.78 

5.83 

5.89 

5.94 

6.00 

6.06 

41 

5.00 

5.00 

5.11 

5.17 

5.22 

5.28 

5.33 

5.39 

5.44 

5.50 

+40 

+ 4.44 

+ 4.50 

+ 4.56 

+ 4.01 

+ 4.67 

+ 4.72 

+ 4.78 

+ 4.83 

+ 4.89 

+ 4.94 

39 

3.89 

3.94 

4.00 

4.06 

4.11 

4.17 

4.22 

4.28 

4.33 

4.39 

38 

3.33 

3.39 

3.44 

3.50 

3.50 

3.61 

3.67 

3.72 

3.78 

3.83 

37 

2.78 

2.83 

2.89 

2.94 

3.00 

3.06 

3.11 

3.17 

3.22 

3.28 

30 

2.22 

2.28 

2.33 

2.39 

2.44 

2.50 

2.56 

2.01 

2.67 

2.72 

+35 

+ 1.07 

+ 1.72 

+ 1.78 

+ 1.83 

+ 1.89 

+ 1.94 

+ 2.00 

+ 2.06 

+ 2.11 

+ 2.17 

34 

+ 1.11 

+ 1.17 

+ 1.22 

1 + 1.28 

+ 1.33 

+ 1.39 

+ 1.44 

+ 1.50 

+ 1.56 

+ 1.61 

33 

+ 0.50 

+ 0.01 

+ 0.07 

+ 0.72 

+ 0.78 1 

+ 0.8:1 

+ 0.89 

+ 0.94 

+ 1.00 

+ 1.06 

32 

0.00 

+ 0.00 

+ 0.11 

+ 0.17 

+ 0.22 

+ 0.28 

+ 0.33 

+ 0.39 

+ 0.44 

+ 0.50 

31 

- 0.60 

- 0.50 

- 0.44 

- 0.39 

- 0.33 

- 0.28 

- 0.22 

- 0.17 

- 0.11 

- 0.06 

+30 

- 1.11 

- 1.00 

- 1.00 

- 0.94 

- 0.89 

- 0.8:1 

- 0.78 

- 0.72 

- 0.67 

- 0.61 

29 

1.67 

1.01 

1.50 

1.50 

1.44 

1.39 1 

1.33 

1.28 

1.22 

1.17 

28 

2.22 

2.17 

2.11 

2.06 

2.00 

1.94 ' 

1.89 

1.83 

1.78 

1.72 

27 

2.78 

2.72 

2.67 

2.61 

2.56 

2.50 

2.44 

2.39 

2.33 

2.28 

20 

3.33 

3.28 

3.22 

3.17 

3.11 

3.00 

3.00 

2.94 

2.89 

2.83 

+25 

- 3.89 

- 3.8.3 

- 3.78 

- 3.72 

- 3.67 

- 3.61 

- 3.56 

- 3.50 

- 3.44 

- 3.39 

24 

4.44 

4.39 

4.33 

4.28 

4.22 

4.17 

4.11 

4.06 

4.00 

3.94 

23 

5.00 

4.94 

4.89 

4.83 

4.78 

4.72 

4.67 

4.61 

4.50 

4.50 

22 

5.50 

5..50 

5.44 

5.39 

5.33 

5.28 

5.22 

5.17 

5.11 

5.06 

21 

6.11 

6.00 

0.00 

5.94 

5.89 

5.83 

5.78 

5.72 

5.67 

5.61 

+20 

- 6.67 

- 6.01 

- 6.56 

- 6.50 

- 6.44 

- 6.39 

- 6.33 

- 6.28 

- 6.22 

- 6.17 

19 

7.22 

7.17 

7.11 

7.06 

7.00 

6.94 

6.89 

6.83 

6.78 

6.72 

18 

7.78 

7,72 

7.67 

7.61 

7.56 

7.50 

7.44 

7.39 

7.33 

7.28 

17 

8.33 

8.28 

8.22 

8.17 

8.11 

8.06 

8.00 

7.94 

7.89 

7.83 

10 

8.89 

8.8;i 

8.78 

8.72 

8.07 

8.61 

8.56 

8.50 

8.44 

8.39 

+15 

- 9.44 

- 9.39 

- 9.33 

- 9.28 

- 9.22 

- 9.17 

- 9.11 

- 9.06 

- 9.00 

- 8.94 

14 

10.00 

9.94 

9.89 

9.83 

9.78 

9.72 

9.67 

9.01 

9.50 

9.50 

13 

10.50 

10.50 

10.44 

10.39 

10.33 

10.28 

10.22 

10.17 

10.11 

10.06 

12 

11.11 

11.06 

11.00 

10.94 

10.89 

10.83 

10.78 

10.72 

10.67 

10.61 

11 

11.07 

11.01 

11.56 

11.50 

11.44 

11.39 

11.33 

11.28 

11.22 

11.17 

+ 10 

— 12 22 

-12.17 

-12.11 

-12.06 

-12.00 

-11.94 

-11.89 

-11.83 

-11.78 

-11.72 

9 

12J8 

12.72 

12.67 

12.61 

12.56 

12.50 

12.44 

12.39 

12.33 

12.28 

8 

13.33 

13.28 

13.22 

13.17 

13.11 

13.06 

13.00 

12.94 

12.89 

12.83 

7 

13.89 

13.83 

13.78 

13.72 

13.67 

13.61 

13.56 

13.50 

13.44 

13.39 

6 

14.44 

14.39 

14.33 

14.28 

14.22 

14.17 

14.11 

14.06 

14.00 

13.94 

+ 5 

-15.00 

-14.94 

-14.89 

-14.83 

-14.78 

-14.72 

-14.67 

-14.61 

-14.56 

-14.50 

4 

15.56 

15.50 

15.44 

15.39 

15.33 

15.28 

15.22 

15.17 

15.11 

15.06 

3 

16.11 

16.06 

16.00 

15.94 

15.89 

15.83 

15.78 

15.72 

15.67 

15.61 

2 

16.67 

16.61 

16.56 

16.50 

16.44 

16.39 

16.33 

16.28 

16.22 

16.17 


17.22 

17.17 

17.11 

17.06 

17.00 

16.94 

16.89 

16.83 

16.78 

16,72 

+ 0 

17.78 

17.72 

17.67 

17.61 

17.56 

17.50 

17.44 

17.39 

17.33 

17.28 
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TABLE A-2 (Continued) 
Fahrenheit to Centigrade Temperatures 


“F. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 




"0. 

“C. 

“C. 




T. 


-f-120 

+48.89 

+48.94 

+49.00 

+49.06 

+49.11 

+49.17 

+49.22 

+49.28 

+49.33 

+49.39 

119 

48.33 

48.39 

48.44 

48.50 

48.56 

48.61 

48.67 

48.72 

48.78 

48.8:1 

118 

47.78 

47.83 

47.89 

47.94 

48.00 

48.06 

48.11 

48.17 

48.22 

48.28 

117 

47.22 

47.28 

47.33 

47.39 

47.44 

47.50 

47..56 

47.61 

47.67 

47.72 

116 

46.67 

46.72 

46.78 

46.83 

46.89 

46.94 

47.00 

47.06 

47.11 

47.17 

+115 

+46.11 

+46.17 

+46.22 

+46.28 

+46.33 

+46.39 

+46.44 

+46.50 

+46.56 

+46.61 

114 

45.56 

45.61 

45.67 

45.72 

45.78 

45.83 

45.89 

45.94 

46.00 

46.06 

113 

45.00 

45.06 

45.11 

45.17 

45.22 

45.28 

45.33 

45.39 

45.44 

45.50 

112 

44.44 

44.50 

44.56 

44.61 

44.67 

44.72 

44.78 

44.83 

44.89 

44.94 

111 

43.89 

43.94 

44.00 

44.06 

44.11 

44.17 

44.22 

44.28 

44.33 

44.39 

+110 

+43.33 

+43.39 

+43.44 

+43.50 

+43.56 

+43.61 

+43.67 

+43.72 

+43.78 

+43.83 

109 

42.78 

42.83 

42.89 

42.94 

43.00 

43.06 

43.11 

43.17 

43.22 

43.28 

108 

42.22 

42.28 

42..33 

42.39 

42.44 

42..50 

42.56 

42.61 

42.67 

42.72 

107 

41.67 

41.72 

41.78 

41.83 

41.89 

41.94 

42.00 

42.06 

42.11 

42.17 

106 

41.11 

41.17 

41.22 

41.28 

41.33 

41.39 

41.44 

41.50 

41.56 

41.61 

+105 

+40.56 

+40.61 

+40.67 

+40.72 

+40.78 

+40.83 

+40.89 

+40.94 

+41.00 

+41.06 

104 

40.00 

40.06 

40.11 

40.17 

40.22 

40.28 

40.33 

-40.39 

40.44 

40.50 

103 

39.44 

39.50 

39.56 

39.61 

39.67 

39.72 

39.7S 

39.83 

39.89 

39.94 

102 

38.89 

38.94 

39.00 

39.06 

39.11 

39.17 

39.22 

39.28 

39.33 

39.39 

101 

38.33 

38.39 

38.44 

38.50 

38.56 

38.61 

38.67 

38.72 

38.78 

38.83 

+100 

+37.78 

+37.83 

+37.89 

+37.94 

+38.00 

+38.06 

+38.11 

+38.17 

+38.22 

+38.28 

99 

37.22 

37.28 

37.33 

37.39 

37.44 

37.50 

37..56 

37.61 

37.67 

37.72 

99 

36.67 

36.72 

36.78 

36.83 

37.89 

30.94 

37.00 

37.06 

37.11 

37.17 

97 

36.11 

36.17 

36.22 

36.28 

36.33 

36.39 

36.44 

36.50 

36.56 

3().61 

96 

35.56 

35.61 

35.67 

35.72 

.35.78 

35.83 

35.89 

35.94 

36.00 

36.06 

+ 95 

+35.00 

+35.06 

+35.11 

+35.17 

+.35.22 

+35.28 

+35.33 

+.35.39 

+35.44 

+35.50 

94 

34.44 

34.50 

34.56 

34.61 

34.67 

34.72 

34.78 

34.83 

34.89 

34.94 

93 

33.89 

33.94 

34.00 

34.06 

.34.11 

34.17 

34.22 

34.28 

34.33 

34.39 

92 

33.33 

33.39 

33.44 

33.50 

33.56 

33.61 

33.67 

33.72 

33.78 

,33.83 

91 

32.78 

32.83 

32.89 

32.94 

33.00 

33.06 

33.11 

33.17 

33.22 

33.28 

+ 90 

+32.22 

+32.28 

+32.33 

+32.39 

+32.44 

+32.50 

+32.56 

+32.61 

+32.67 

+32.72 

89 

31.67 

31.72 

31.78 

31.83 

31.89 

31.94 

32.00 

32.06 

32.11 

32.17 

88 

31.11 

31.17 

31.22 

31.28 

31.33 

31.39 

31.44 

31.50 

31.56 

31.61 

87 

30.56 

30.61 

.30.67 

30.72 

,30.78 

30.83 

30,89 

30.94 

31.00 

31.06 

86 

30.00 

30.06 

30.11 

30.17 

30.22 

30.28 

30.33 

30.39 

30.44 

30..50 

+ 85 

+29.44 

+29..50 

+29.56 

+29.61 

+29.67 

+29.72 

+29.78 

+29.83 

+29.89 

+29.94 

84 

28.89 

28.94 

29.00 

29.06 

29.11 

29.17 

29.22 

29.28 

29.33 

29.39 

83 

28.33 

28.39 

28.44 

28.50 

28.56 

28.61 

28.67 

28.72 

28.78 

28.83 

82 

27.78 

27.83 

27.89 

27.94 

28.00 

28.06 

28.11 

28.17 

28.22 

28.28 

81 

27.22 

27.28 

27.33 

27.39 

27.44 

27.50 

27.56 

27.61 

27.67 

27.72 

+ 80 

+26.67 

+26.72 

+26.78 

+26.83 

+26.89 

+26.94 

+27.00 

+27.06 

+27.11 

+27.17 

79 

26.11 

26.17 ! 

26.22 

26.28 

26.33 

26.39 

26.44 

26.50 

25.56 

26.61 

78 

25.56 

25.61 

25.67 

25.72 

25.78 

25.83 

25.89 

25.94 

26.00 

26.06 

77 

25.00 

25.06 

25.11 

25.17 

25.22 

25.28 

25.33 

25.39 

25.44 

25..50 

76 

24.44 

24.50 

24.56 

24.61 

24.67 

24.72 

24.78 

24.83 

24.89 

24.94 

+ 75 

+23.89 

+23.94 

+24.00 

+24.06 

+24.11 

+24.17 

+24.22 

+24.28 

+24.33 

+24.39 

74 

23.33 

23.39 

23.44 

23.50 

23.56 

23.61 

23.67 

23.72 

23.78 

23-83 

73 

22.78 

22.83 

22.89 

22.94 

23.00 

23.06 

23.11 

23.17 

23.22 

23.28 

72 

22.22 

22.28 

22.33 

22.39 

22.44 

22.50 

22.56 

22.61 

22.67 

22.72 

71 

21.67 

21.72 

21.78 

21.83 

21.89 

21.94 

22.00 

22.06 

22.11 

22.17 

+ 70 

+21.11 

+21.17 

+21.22 

+21.28 

+21.33 

+21.39 

+21.44 

+21.50 

+21.56 

+21.61 

69 

20.56 

20.61 

20.67 

20.72 

20.78 

20.83 

20.89 

20.94 

21.00 

21.06 

68 

20.00 

20.06 

20.11 

20.17 

20.22 

20.28 

20.33 

20.39 

20.44 

20.50 

67 

19.44 

19..50 

19.56 

19.61 

19.67 

19.72 

19.78 

19.83 

19.89 

19.94 

66 

18,89 

18.94 

19.00 

19.06 

19.11 

19.17 

19.22 

19.28 

19.33 

19.39 

+ 65 

+18.33 

+18.39 

+18.44 

+18.50 

+18.56 

+18.61 

+18.67 

+18.72 

+18.78 

+ 18.&3 

64 

17.78 

17.83 

17.89 

17.94 

18.00 

18.06 

18.11 

18.17 

18.22 

18.28 

63 

17.22 

17.28 

17.33 

17.39 

17.44 

17.50 

17.56 

17.61 

17.67 

17.72 

62 

16.67 

16.72 

16.78 

16.83 

16.89 

16.94 

17.00 

17.06 

17.11 

17.17 

61 

16.11 

16.17 

16.22 

16.28 

16.33 

16.39 

16.44 

16.50 

16.56 

16.61 



TABLE A-3 

Centigrade to Fahrenheit Temperatures 


”0. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 


cp 

“F. 

T. 

“F. 

‘‘F. 


T. 

°F. 

“F. 

“F. 

4-60 

+140.00 

+140.18 

+140.36 

+140.54 

+140.72 

+140.90 

+141.08 

+141.26 

+141.44 

+141.62 

59 

138.20 

138.38 

138.56 

138.74 

138.92 

139.10 

139.28 

139.46 

139.64 

139.82 

58 

136.40 

136.58 

136.76 

136.94 

137.12 

137.30 

137.48 

137.66 

137.84 

138.02 

57 

134.60 

134.78 

134.96 

135.14 

135.32 

135.50 

135.68 

135.86 

136.04 

136.22 

56 

132.80 

132.98 

133.16 

133.34 

133.52 

133.70 

133.88 

134.06 

134.24 

134.42 

4-55 

+131.00 

+ 131.18 

+131.36 

+ 131.54 

+131.72 

+131.90 

+132.08 

+132.26 

+132.44 

+ 132.62 

54 

129.20 

129.38 

129.56 

129.74 

129.92 

130.10 

130.28 

130.46 

130.64 

130.82 

53 

127.40 

127.58 

127.76 

127.94 

128.12 

128.30 

128.48 

128.66 

128.84 

129.02 

52 

125.60 

125.78 

125.96 

126.14 

126.32 

126.50 

126.68 

126.86 

127.04 

127.22 

51 

123.80 

123.98 

124.16 

124.34 

124.52 

124.70 

124.88 

125.06 

125.24 

125.42 

-fSO 

+ 122.00 

+ 122.18 

+ 122.36 

+ 122.54 

+122.72 

+122.90 

+ 123.08 

+123.26 

+123.44 

+123.62 

49 

120.20 

120.38 

120.56 

120.74 

120.92 

121.10 

121.28 

121.46 

121.64 

121.82 

48 

118.40 

118.58 

118.76 

118.94 

119.12 

119.30 

119.48 

119.66 

119.84 

120.02 

47 

116.60 

116.78 

116.96 

117.14 

117.32 

117.50 

117.68 

117.86 

118.04 

118.22 

46 

114.80 

114.98 

115.16 

115.34 

115.52 

115.70 

115.88 

116.06 

116.24 

116.42 

+45 

+ 113.00 

+113.18 

+ 113.36 

+113.54 

+ 113.72 

+113.90 

+ 114.08 

+114.26 

+114.44 

+ 114.62 

44 

111.20 

111.38 

111.56 

111.74 

111.92 

112.10 

112.28 

112.46 

112.64 

112.82 

43 

109.40 

109.58 

109.76 

109.94 

110.12 

110.30 

110.48 

110.66 

110.84 

111.02 

42 

107.60 

107.78 

107.96 

108.14 

108.32 

108..50 

108.68 

108.86 

100.04 

109.22 

41 

105.80 

105.98 

106.16 

106.34 

106.52 

106.70 

106.88 

107.06 

107.24 

107.42 

+40 

+ 104.00 

+ 104.18 

+104.36 

+104.54 

+104.72 

+104.90 

+105.08 

+105.26 

+105.44 : 

+105.62 

39 

102.20 

102.38 

102.56 

102.74 

102.92 

103.10 

103.28 

103.46 

103.64 

103.82 

38 

100.40 

100.58 

100.76 

100.94 

101.12 

101.30 

101.48 

101.66 

101.84 

102.02 

37 

98.60 

98.78 

98.96 

99.14 

99.32 

99.50 

99.()8 

99,86 

100.04 

100.22 

36 

96.80 

96.98 

97.16 

97.34 

97.52 

97.70 

97.88 

98.06 

98.24 

98.42 

+35 

+ 95.00 

+ 95.18 

+ 95.36 

+ 95.54 

+ 95.72 

+ 95.90 

+ 96.08 

+ 96.26 

+ 96.44 

+ 96.62 

34 

93,*20 1 

93.38 

93.56 

93.74 

93.92 

94.10 

94.28 

94.46 

94.64 

94.82 

33 

91.40 

91.58 

91.76 

91.94 

92.12 

92.30 

92.48 

92.66 

92.84 

93.02 

32 

89.60 

89.78 

89.96 

90.14 

90.32 

90.50 

90.68 

90.86 

91.04 

91.22 

31 

87.80 

87.98 

88.16 

88.34 

88.52 

88.70 

88.88 

89.06 

89.24 

89.42 

+30 

+ 86.00 

+ 86.18 

+ 86.36 

+ 86.54 

+ 86.72 

+ 86.90 

+ 87.08 

+ 87.26 

+ 87.44 

+ 87.62 

29 

84.20 

84.38 

84.56 

84.74 

84.92 

85.10 

85.28 

85.46 

85.64 

85.82 

28 

82.40 

82.58 

82.76 

82.94 

83.12 

83.30 

83.48 

83.66 

83.84 

84.02 

27 

80.60 

80.78 

80.96 

81.14 

81.32 

81.50 

81.68 

81.86 

82.04 

82.22 

26 

78.80 

78.98 

79.16 

79.34 

79.52 

79.70 

79.88 

80.06 

80.24 

80.42 

+25 

+ 77.00 

+ 77.18 

+ 77.36 

+ 77.54 

+ 77.72 

+ 77.90 

+ 78.08 

+ 78.26 

+ 78.44 

+ 78.62 

24 

75.20 

75.38 

75.56 

75.74 

75.92 

76.10 

76.28 

76.46 

76.64 

76.82 

23 

73.40 

73.58 

73.76 

73.94 

74.12 

74.30 

74.48 

74.66 

74.84 

75.02 

22 

71.60 

71.78 

71.96 

72.14 

72.32 

72.50 

72.68 

72.86 

73.04 

73.22 

21 

69.80 

69.98 

70.16 

70.34 

70.52 

70.70 

70.88 

71.06 

71.24 

71.42 

+20 

+ 68.00 

+ 68.18 

+ 68.36 

+ 68.54 

+ 68.72 

+ 68.90 

+ 69.08 

+ 69.26 

+ 69.44 

+ 69.62 

19 

66.20 

66.38 

66.56 

66.74 

66.92 

67.10 

67.28 

67.46 

67.64 

67.82 

18 

64.40 

64.58 

64.76 

64.94 

65.12 

65.30 

65.48 

65.66 

65.84 

66.02 

17 

62.60 

62.78 

62.96 

63.14 

63.32 

63.50 

63.68 

63.86 

64.04 

64.22 

16 

60.80 

60.98 

61.16 

61.34 

61.52 

61.70 

61.88 

62.06 

62.24 

62.42 

+15 

+ 59.00 

+ 59.18 

+ 59.36 

+ 59.54 

+ 59.72 

+ 59.90 

+ 60.08 

+ 60.26 

+ 60.44 

+ 60.62 

14 

57.20 

57.38 

57.56 

57.74 

57.92 

58.10 

58.28 

58.46 

58.64 

58.82 

13 

55.40 

55.58 

55.76 

55.94 

56.12 

56.30 

56.48 

56.66 

56.84 

57.02 

12 

53.60 

53.78 

53.96 

54.14 

54.32 

54.50 

54.68 

54.86 

55.04 

55.22 

11 

51.80 

51.98 

52.16 

52.34 

52.52 

52.70 

52.88 

53.06 

53.24 

53.42 
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TABLE A-4 
Meters into Feet 

1 ineter = 39.3700 inohtis = 3.280833 feot 
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Appendix 


RELATIONSHIP OF RELATIVE HUMIDITY AND DEW POINT 
WITH RESPECT TO ICE AND WATJOR RESPIOCTIVELY 

Effective January 1, 1949, the International Meteorological Organization 
adopted dew point and relative humidity with respect to wat(‘r at t(*mpera- 
tures below 32° F. The following tables show the relationship to values 
used before, for humidity and d(?w point with respec't to i(!e. 

R.H. denotes relative humidity; D.I’. denotes dew point; subscript w dcaiob's 
“with respect to water”; subscript i denotes “with nvspect to ice.” 


TABLE A 5 A 


When Saturaiion with Respect to Water 


Temperature 


R.H.i 



(°F.) 

(%) 

(%) 

(°F.) 

(°F.) 

32 

100 

100 

32 

32 

20 

100 

106.7 

20 

21.4 

0 

100 

118.9 

0 

-h3.3 

-20 

100 

132.5 

-20 

-15.1 

-40 

100 

147.4 

-40 

-33. S 

-60 

100 

163.1 

-60 

-52.8 


TABLE A-5B 

When Saturaiion Exists with Respect to fee 


Temperature 

R.H,i 

R.H,u> 

D.P.i 

D.P.u, 


(%) 

(%) 



32 

100 

100 

32 

32 

20 

100 

93.7 

20 

18.5 

0 

100 

84.1 

0 

-3.7 

-20 

100 

75.5 

-20 

-25.4 

-40 

100 

67.8 

-40 

-46.6 

-60 

100 

61.3 

-60 



The values of dew i)oint and relative humidity obtained from the standard 
Psychometric Tables and Tables A-7 and A-8 must be corrected when t(*ni- 
perature or dew point is below 32° F. to values with respect to water. Tables 
A-5C and A-5D may be used for this purpose. 



Relative Humidity Cottversion Table 


Tables 


-2 ^ 

s c 
^ as • 

rv. •'N. 


J CiC^«-OOCOO(NLO'^Q 
CtC:b»t^^CO*t'*OX'i'CO 
> CtQOCOX-tCiiO^t^'^-^^ 
? c;c;c:oooob»t^t>-oocD 


'— I f'J ^ io O 

I I I I I I 


O ct 00 — O lO IC X -t W 

^ Q 00 CO X cri >0 — ’ n.* -t — * 

>- o cr. r: X X i'- 


o o CO c; r>. 3; -f — o c^i 


O ^ O C CO -t M CO >0 C 

O ci ‘0 — CO C -T — ^ c: 
X b- >0 ‘O ‘O ^ 


e *X — c: l> X — — C: 

O C: »0 <N 00 ‘O oi c »o oi 

w w ^ »0 >0 ‘O "t ^ 


Y.O Ot-01C0i0XC0r:t^KX 

C' c - O c: CO o ‘C oi C 00 

^ O »C *0 1(0 »0 ’1* CO CO 


O »C 3: ^ X r^ X C". Ol 


-t■-^'^'-^COCOCOCOCOCO 


^'- d c: t>^ »(0 CO ^ Q o6 ‘C 
TtC0COCOXC0C0(NC^OlC^ 


1..9 Ot^'-;^(NCt-O*C'i-C0'^ 

t>' v.,C 

O ii '- o C". X o »o X (N O c; X 
00 C0(N0IC^101<N(NMC^ — 


^5? OXI>-XXC:^X;OC:CO 

^ ^' • d d 00 d 12 ni S2 2 2 


bP o C5 ^ Ci O ‘O Ol X ^ ^ 

ti • 

o 6-' o a; Cl X X X i>- t>- o o CD 


|==l£c^-?3gS2°2ggSSS 

“=5 ft) ^ 2- I I I I I I 


Note: Saturation vapor pre.ssur(‘s over ico ami water, used in eonipuling this ta!)le, are !)ased on formulas by J. A. Goff and 
S. Gratch, Trans. Atner. Soc. Heat, and Vent. Eny., Vol. 52, pa^^c* 95 (194(i). Formula for saturation vapor pressure over water 
assumed to apply from — GO^ F. to 140° F. 
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Appendix 


TABLE A-5D 

DEW POINT CONVERSION SCALE 

SHOWING RELATIONSHIP BETWEEN 

DEW POINT WITH RESPECT TO ICE AND DEW POINT WITH RESPECT TO WATER 
(FAHRENHEIT TEMPERATURES) 


ICE 


-SCF 

-45- 

l-J,' ,1.1,1 ' l.'.l. 

1 1 1 1 1 1 1 1 t 1 

-35* 

1 1 1 1 1 1 1 111 

-30T 

'.-1, 1 

rvnM'Mr 

-60*F -55* 

T IT' 1 

-50- 

1 n ■' ‘i " 1 ' f ' 

-45* 

1 ' 1 ' 1 ' 1 ' 1 

-tar 

'1 ' 


WATER 


ICE 

-35*F -30* -25* -20* -t5’F 



WATER 

Note: Saturation vapor pressures over ice and water, used in computing 
this scale, are based on formulas by J. A. Goff and S. Gratch, Trans. Arner. 
Soc. Heat, and Vent Eng., Vol. 52, page 95 (194(5). Formula for saturation 
vapor pressure over water assumed to apply from —60° F. to 140° F. Cour- 
tesy U. S. Weather Bureau. 
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PSYCHROMETRIC TABLES 

Al)ri(lgcd from IJ. S. Weather Bureau Publication 235 by C. F. Marvin 
CorriMitions for pressunis other than 29 inches 

1. Find dew point and relative humidity using table for 29 inches (1,000 
f(‘et altitude). 

2. Add corrections at prcissurcs less than 29 inches (higher elevations 
through 1,000 feet) and subtract corrections at pressures higher than 29 
inches (sea level to 1,000 feet elevation). 

TABLE A-6 


Air 

T.'iii- 

p<Ta- 
ture of 

Doprossion of 
Wet Holb 

30 in. 

(nch level) 


27 in. 

(3, (MX) ft.) 


25 in. 

(5,000 ft.) 

> 

2 

5 10 

1 

2 

5 

10 

1 

2 

5 

10 

20 

Dew-point correc- 
tion, ®F. 

-1 

-1 

— 2 

0 

0 

+ 2 


0 

0 

+4 


Uclativc-huinidity 
correction, % 

0 

0 

— 2 

+1 

+2 

+3 


+2 

+3 

+ 7 


-lO 

Dew-point correc- 
tion, °F. 

0 

0 

0 -1 

0 

+ 1 

+ 1 

+3 

0 

+ 1 

+ 1 

+5 

Uelative-lniniidity 
correction, % 

0 

-1 

-1 -1 

0 

0 

+ 1 

+3 

0 

+ 1 

+3 

+ 6 

00 

D(*w-point correc- 
tion, °F. 

0 

0 

0 -1 

0 

0 

+ 1 

0 

+ 1 

0 

+ 1 

+2 

Relative-humidity 
correction, % 

0 

0 

0 -1 

+1 

0 

-f 1 

+ 1 

-} 1 

+ 1 

+ 1 

+3 

80 

Dew-point correc- 
tion, °F. 

0 

0 

0 0 

0 

0 

0 

+ 1 

0 

0 

0 

+ 1 

Relative-humidity 
correction, % 

0 

0 

0 0 

0 

+1 

+ 1 

+ 1 

0 

+1 

+ 1 

+ 1 


Table A-7 for Temperature of the Dew Point and Table A-8 for Relative 
Humidity are computed with n'spect to ice below 32® F. Tabular Values of 
Relative Humidity, \’apor Pressure, and Dew Point are with respect to ice 
below 32® F. and with n*spect to water above 32° F. Depression of the 
Wet-Bulb is for an ice-covered bulb below 32° 
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TABLE A-7 {Continued) 
Temperature of Dew Point in Degreen Fahrenheit 
[Pressure = 29.0 inches] 


Air 

Tem- 

pera- 

Vapor 

Pres- 





Depression of Wet-Bulb Thermometer (t 

- n 




lure 

aiye 

















t 


0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

20 

0.103 

18 

17 

15 

13 

11 

8 

5 

2 

-1 

-5 

-11 

“18 

-30 




21 

.108 

19 

18 

16 

14 

12 

10 

7 

4 

+ 1 

-3 

-8 

-14 

-23 

-42 



22 

.113 

20 

19 

17 

15 

13 

11 

9 

6 

3 

— 1 

-5 

-10 

-17 

-29 



23 

.118 

22 

20 

18 

16 

14 

12 

10 

8 

5 

+ 1 

-3 

-7 

-13 

-22 

“40 


24 

.124 

23 

21 

19 

18 

16 

14 

11 

9 

G 

3 

±0 

-4 

-10 

-17 

“28 


25 

0.130 

24 

22 

21 

19 

17 

15 

13 

11 

8 

5 

+ 2 

-2 

-6 

-12 

-21 

-36 

26 

.136 

25 

23 

22 

20 

18 

16 

14 

12 

10 

7 

4 

±0 

-4 

-9 

- 15 

-26 

27 

.143 

26 

24 

23 

21 

20 

18 

16 

14 

12 

9 

6 

+ 3 

- 1 

— 5 

- 11 

- 19 

28 

.150 

27 

25 

24 

22 

21 

19 

17 

15 

13 

11 

8 

5 

+ 2 

-2 

-7 

- 14 

29 

.157 

28 

26 

25 

24 

22 

20 

19 

17 

15 

12 

10 

7 

4 

±0 

-4 

-9 

30 

0.164 

29 

27 

26 

25 

23 

22 

20 

18 

16 

14 

12 

9 

6 

+ 3 

- 1 

-5 

31 

.172 

30 

29 

27 

26 

24 

23 

21 

20 

18 

16 

13 

11 

8 

5 

+ 2 

-2 

32 

.180 

31 

30 

28 

27 

26 

24 

23 

21 

19 

17 

15 

13 

10 

8 

4 

+ 1 

33 

.187 

32 

31 

29 

28 

27 

25 

24 

22 

21 

19 

17 

15 

12 

10 

7 

3 

34 

.195 

33 

32 

30 

29 

28 

27 

25 

24 

22 

20 

18 

16 

14 

12 

9 

6 

35 

0.203 

34 

33 

31 

30 

29 

28 

26 

25 

23 

22 

20 

18 

16 

14 

11 

8 

36 

.211 

35 

34 

32 

31 

30 

29 

27 

26 

25 

23 

21 

20 

18 

15 

13 

11 

37 

,219 

36 

35 

33 

32 

31 

30 

28 

27 

26 

24 

23 

21 

19 

17 

15 

13 

38 

.228 

37 

36 

34 

33 

32 

31 

30 

28 

27 

26 

24 

23 

21 

19 

17 

14 

39 

.237 

38 

37 

36 

34 

33 

32 

31 

29 

28 

27 

25 

24 

22 

21 

19 

16 

40 

0.247 

39 

38 

37 

35 

34 

33 

32 

31 

29 

28 

27 

25 

23 

22 

20 

18 

41 

.256 

40 

39 

38 

37 

35 

34 

33 

32 

30 

29 

28 

26 

25 

23 

22 

20 

42 

.266 

41 

40 

39 

38 

36 

35 

34 

33 

32 

30 

29 

28 

26 

25 

23 

21 

43 

.277 

42 

41 

40 

39 

38 

36 

35 

34 

33 

31 

30 

29 

27 

26 

24 

23 

44 

.287 

43 

42 

41 

40 

39 

38 

36 

35 

34 

32 

31 

30 

29 

27 

26 

24 

45 

0.298 

44 

43 

42 

41 

40 

39 

37 

36 

35 

34 

32 

31 

30 

29 

27 

26 

46 

.310 

45 

44 

43 

42 

41 

40 

39 

37 

36 

35 

34 

32 

31 

30 

28 

27 

47 

.322 

46 

45 

44 

43 

42 

41 

40 

39 

37 

36 

35 

34 

32 

31 

30 

28 

48 

.334 

47 

46 

45 

44 

43 

42 

41 

40 

39 

37 

36 

35 

34 

32 

31 

30 

49 

.347 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

« 

36 

35 

34 

32 

31 

50 

0.360 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

37 

36 

35 

34 

32 

51 

.373 

.50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

37 

36 

35 

34 

52 

,387 

.51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

37 

36 

35 

53 

.402 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

36 

54 

.417 

53 

52 

51 

50 

49 

49 

48 

47 

46 

44 

43 

42 

41 

40 

39 

38 

55 

0.4.32 

54 

63 

52 

52 

51 

50 

49 

48 

47 

46 

45 

43 

42 

41 

40 

39 

56 

.448 

55 

54 

53 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

41 

40 

57 

.465 

56 

55 

54 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

58 

.482 

57 

56 

56 

.5.5 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

59 

.499 

58 

57 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

60 

0.517 

59 

58 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

61 

..536 

60 

59 

59 

58 

57 

56 

55 

54 

53 

52 

52 

51 

50 

49 

48 

46 

62 

.555 

61 

60 

60 

59 

58 

57 

56 

55 

!i!t 

54 

53 

52 

51 

50 

49 

48 

63 

.575 

62 

61 

61 

60 

59 

.58 

57 

56 

56 

55 

54 

53 

52 

51 

50 

49 

64 

.695 

63 

62 

62 

61 

60 

59 

58 

58 

57 

56 

55 

54 

53 

52 

51 

50 

65 

0.616 

64 

63 

63 

62 

61 

60 

59 

59 

58 

57 

56 

55 

54 

53 

52 

51 

66 

.638 

65 

64 

64 

63 

62 

61 

61 

60 

59 

58 

57 

56 

55 

54 

54 

53 

67 

.661 

66 

65 

65 

64 

63 

62 

62 

61 

60 

59 

58 

57 

56 

56 

55 

54 

68 

.684 

67 

67 

66 

65 

64 

63 

63 

62 

61 

60 

.59 

58 

58 

57 

56 

55 

69 

.707 

68 

68 

67 

66 

65 

64 

64 

63 

62 

61 

60 

60 

59 

58 

57 

56 

70 

0.732 

69 

69 

68 

67 

66 

66 

65 

64 

63 

62 

62 

61 

60 

59 

58 

57 

71 

.757 

70 

70 

69 

68 

67 

67 

66 

65 

64 

63 

63 

62 

61 

60 

59 

58 

72 

.783 

71 

71 

70 

69 

68 

68 

67 

66 

65 

65 

64 

63 

62 

61 

60 

60 

73 

.810 

72 

72 

71 

70 

69 

69 

68 

67 

66 

66 

65 

64 

63 

62 

62 

61 

74 

.838 

73 

73 

72 

71 

70 

70 

69 

68 

67 

67 

66 

65 

64 

64 

63 

62 

75 

0.866 

74 

74 

73 

72 

71 

71 

70 

69 

68 

68 

67 

66 

65 

65 

64 

63 

76 

.896 

75 

75 

74 

73 

73 

72 

71 

70 

70 

69 

68 

67 

66 

66 

65 

64 

77 

.926 

76 

76 

75 

74 

74 

73 

72 

71 

71 

70 

69 

68 

68 

67 

66 

65 

78 

.957 

77 

77 

76 

75 

75 

74 

73 

72 

72 

71 

70 

69 

69 

68 

67 

66 

79 

.989 

78 

78 

77 

76 

76 

75 

74 

73 

73 

72 

71 

70 

70 

69 

68 

67 

80 

1.022 

79 

79 

78 

77 

77 

76 

75 

75 

74 

73 

72 

72 

71 

70 

69 

69 
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TABLE A-7 (Continued) 
Temperature of Dew Point in Degrees Fahrenheit 
[Pressure = 29.0 inches] 


Air 

Tem- 

pera- 

Vapor 

Prea- 




Depresalon of Wet-Bulb Thermometer (r 

- t') 





ture 


















t 


8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

1.3.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

26 

0.136 

-53 
















27 

.143 

-32 
















28 

.160 

-23 

-45 















29 

.157 

-17 

-29 















30 

0.164 

-11 

-20 

-.36 














31 

.172 

-7 

-14 

-24 

-50 













32 

.180 

-4 

-9 

-16 

-29 













33 

.187 

- 1 

-5 

-11 

-20 

-36 












34 

.195 

+2 

-2 

-7 

-14 

-24 

-50 











36 

0.203 

5 

+ 1 

-3 

-8 

-16 

-28 











36 

.211 

8 

4 

d-0 

-4 

-10 

-19 

-34 










37 

.219 

10 

7 

+ 3 

-1 

-6 

-12 

-22 

-44 









38 

.228 

12 

9 

6 

+ 3 

-2 

-7 

- 14 

-25 









39 

.237 

14 

12 

9 

6 

+ 2 

-3 

-8 

-16 

-30 








40 

0.247 

16 

14 

11 

8 

5 

+ 1 

- 4 

-10 

- 18 

-.35 







41 

.256 

18 

16 

13 

11 

8 

4 

±0 

-5 

-n 

21 

-45 






42 

.266 

19 

17 

15 

13 

10 

7 

+ 4 

-1 

-6 

-13 

-24 

'59 





43 

.277 

21 

19 

17 

15 

13 

10 

7 

+ 3 

• 2 

-7 

- 15 

- 28 





44 

.287 

23 

21 

19 

17 

15 

12 

9 

6 

+2 

-2 

-8 

-17 

-32 




45 

0.298 

24 

22 

20 

19 

17 

14 

11 

8 

6 

+ 2 

- 3 

... 9 

-18 

-37 



46 

.310 

25 

24 

22 

20 

18 

16 

14 

11 

8 

6 

+ 1 

-4 

-11 

- 20 

44 


47 

.322 

27 

25 

24 

22 

20 

18 

16 

13 

11 

8 

4 

±0 

-5 

- 12 

-23 

-53 

48 

.334 

28 

27 

25 

23 

22 

20 

18 

15 

13 

10 

7 

+ 4 

- 1 

-6 

- 13 

-26 

49 

.347 

29 

28 

27 

25 

23 

21 

20 

17 

15 

13 

10 

7 

+ 3 

-2 

-7 

-15 

50 

0.360 

31 

29 

28 

27 

25 

23 

21 

19 

17 

15 

12 

9 

6 

+ 2 

-2 

-8 

51 

.373 

32 

31 

29 

28 

26 

25 

23 

21 

19 

17 

15 

12 

9 


9'2 

-3 

52 

.387 

34 

32 

31 

29 

28 

26 

25 

23 

21 

19 

17 

14 

12 

‘‘ 

6 

■11 

53 

.402 

35 

34 

32 

31 

29 

28 

26 

24 

23 

21 

19 

16 

14 


9 

5 

54 

.417 

36 

35 

34 

32 

31 

29 

28 

26 

24 

23 

21 

19 

16 

14 

11 

8 

55 

0.432 

38 

36 

35 

34 

32 

31 

29 

28 

26 

24 

23 

21 

19 

16 

14 

11 

56 

.448 

39 

38 

36 

35 

34 

32 

31 

29 

28 

26 

24 

23 

21 

19 

16 

14 

67 

.465 

40 

39 

38 

36 

35 

34 

32 

31 

29 

28 

26 

24 

22 

21 

18 

16 

58 

.482 

42 

40 

39 

38 

36 

35 

34 

32 

31 

29 

28 

26 

24 

22 

20 

18 

59 

.499 

43 

42 

40 

39 

38 

37 

35 

34 

32 { 

31 

29 

28 

26 

24 

22 

20 

60 

0.617 

44 

43 

42 

41 

39 

38 

37 

35 

34 

32 

31 

29 

28 

26 

24 

22 

61 

.536 

45 

44 

43 

42 

41 

39 

38 

37 

35 

34 

32 

31 

29 

28 

26 

24 

62 

.555 

47 

46 

44 

43 

42 

41 

40 

38 

37 

35 

34 

32 

31 

30 

28 

20 

63 

.575 

48 

47 

46 

45 

43 

42 

41 

40 

38 

37 

36 

34 

33 

31 

30 

28 

64 

.595 

49 

48 

47 

46 

45 

44 

42 

41 

40 

38 

37 

36 

34 

33 

31 

30 

65 

0.616 

50 

49 

48 

47 

46 

45 

44 

43 

41 

40 

39 

37 

36 

34 

33 

31 

66 

.638 

52 

51 

50 

48 

47 

46 

45 

44 

43 

42 

40 

39 

37 

36 

35 

33 

67 

.661 

53 

52 

51 

50 

49 

48 

46 

45 

44 

43 

42 

40 

39 

38 

36 

35 

68 

.684 

64 

53 

52 

51 

50 

49 

48 

47 

46 

44 

43 

42 

41 

39 

38 

36 

69 

.707 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

43 

42 

41 

40 

38 

70 

0.732 

66 

65 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

42 

41 

40 

71 

.757 

58 

67 

56 

65 

54 

53 

.52 

51 

50 

49 

47 

46 

45 

44 

43 

41 

72 

.783 

69 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

46 

45 

44 

43 

73 

.810 

60 

69 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

44 

74 

.838 

61 

60 

59 

58 

57 

56 

55 

54 

54 

53 

52 

50 

49 

48 

47 

46 

75 

0.866 

62 

61 

60 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

48 

47 

76 

.896 

63 

62 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

77 

.926 

64 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

60 

78 

.957 

66 

65 

64 

63 

62 

61 

60 

59 

59 

58 

57 

56 

55 

54 

53 

62 

79 

0.989 

67 

66 

65 

64 

63 

62 

62 

61 

60 

59 

58 

57 

56 

65 

64 

63 

80 

1.022 

68 

67 

66 

65 

64 

64 

63 

62 

61 

60 

59 

58 

57 

56 

65 

64 
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TABLE A-7 (Continued) 
Temperature of Dew Point in Degrees Fahrenheit 
[Pressure = 29.0 inchesi 




Appendix 


TABLE A-7 (Continued) 
Temperature of Dew Point in Degrees Fahrenheit 
[Pressure = 29.0 inches] 

Depression of Wet-Bulb Thermometer it - t') 


100 98 

101 99 


103 101 

104 102 

105 103 

106 104 


108 107 

109 108 

1 10 109 

111 110 


113 112 

114 113 

115 114 

116 115 


118 117 

119 118 

120 119 

121 120 


123 122 

124 123 

125 124 

126 125 


128 127 

129 128 

130 129 I 

131 130 


133 132 

134 133 

135 134 

136 135 


99 97 

100 98 


102 101 

103 102 

104 103 

105 104 


107 106 

108 107 

109 108 

1 10 109 


112 111 

113 112 

114 113 

115 114 


117 116 

118 117 

119 118 

120 119 


122 121 

123 122 

124 123 

125 124 


127 126 

128 127 

129 128 

130 129 


9 

10 

11 

12 

13 

14 

15 

67 

65 

64 

62 

60 

58 

56 

68 

66 

65 

63 

61 

60 


69 

68 

66 

64 

63 

61 

59 

70 

69 

67 

65 

64 

62 

60 

71 

70 

68 

67 

65 

63 

61 

72 

71 

69 

68 

66 

64 

63 

74 

72 

71 

69 

67 

66 

64 

75 

73 

72 

70 

69 

67 

65 

76 

74 

73 

71 

70 

68 

66 

77 

76 

74 

72 

71 

69 

68 

78 

77 

75 

74 

72 

70 

69 

79 

78 

76 

75 

73 

72 

70 

80 

79 

77 

76 

74 

73 

71 

81 

80 

78 

77 

75 

74 

72 

82 

81 

80 

78 

77 

75 

74 

83 

82 

81 

79 

78 

76 

75 

84 

83 

82 

80 

79 

77 

76 

86 

84 

83 

81 

80 

78 

77 

87 

85 

84 

82 

81 

80 

78 

88 

86 

85 

84 

82 

81 

79 

89 

87 

86 

85 

83 

82 

80 

90 

88 

87 

86 

84 

83 

82 

91 

90 

88 

87 

86 

84 

83 

92 

91 

89 

88 

87 

85 

84 

93 

92 

90 

89 

88 

86 

85 

94 

93 

91 

90 

89 

87 

86 

95 

94 

92 

91 

90 

89 

87 

96 

95 

94 

92 

91 

90 

8S 

97 

96 

95 

93 

92 

91 

89 

98 

97 

96 

94 

93 

92 

90 

99 

98 

97 

95 

94 

93 

92 

100 

99 

98 

97 

95 

94 

93 

101 

100 

99 

98 

96 

95 

94 

102 

101 

100 

99 

97 

96 

95 

103 

102 

iOl 

100 

98 

97 

96 

104 

103 

102 

101 

100 

98 

97 

106 

104 

103 

102 

101 

99 

98 

107 

105 

104 

103 

102 

100 

99 

108 

106 

105 

104 

103 

101 

100 

109 

107 

106 

105 

104 

103 

101 

no 

108 

107 

106 

105 

104 

102 

111 

no 

108 

107 

106 

105 

103 

112 

in 

109 

108 

107 

106 

105 

113 

112 

110 

109 

108 

107 

106 

114 

113 

111 

no 

109 

108 

107 

115 

114 

112 

in 

no 

109 

108 

116 

115 

114 

112 

in 

no 

109 

117 

116 

115 

113 

112 

111 

no 

118 

117 

116 

114 

113 

112 

111 

119 

118 

117 

115 

114 

113 

112 

120 

119 

118 

117 

115 

114 

113 

121 

120 

119 

118 

116 

115 

114 

122 

121 

120 

119 

117 

116 

115 

123 

122 

121 

120 

118 

117 

116 

124 

123 

122 

121 

119 

118 

117 

125 

124 

123 

122 

121 

119 

118 

126 

125 

124 

123 

122 

120 

119 

127 

126 

125 

124 

123 

121 

120 

128 

127 

126 

125 

124 

122 

121 

129 

128 

127 

126 

125 

123 

122 

130 

129 

128 

127 

126 

124 

123 



Tables 


TABLE A-7 (Continued) 
Temperature of Dew Point in Degrees Fahrenheit 
(Prijssiiro = 20.0 inches] 

DoprcsMlon of Wet-Rulb Tliennofoeter (f — V) 


80 

1.022 

81 

.056 

82 

.001 

83 

.127 

84 

.163 

85 

1.201 

86 

.241 

87 

.281 

88 

.322 

80 

.364 

00 

1.408 

01 

.453 

02 

.400 

03 

.546 

04 

.505 

05 

1.645 

06 

.606 

07 

.740 

08 

.803 

00 

.850 

100 

1.016 

101 

1.075 

102 

2.035 

103 

.007 

104 

.160 

105 

2.225 

106 

.202 

1'‘7 

.360 

108 

.431 

100 

.503 

no 

2.576 

in 

.652 

112 

.730 

113 

.810 

114 

.801 

115 

2.075 

116 

3.061 

117 

.148 

118 

.230 

no 

.331 

120 

3.425 

121 

..522 

122 

.621 

123 

.723 

124 

.827 

125 

3.033 

126 

4.042 

127 

.1.54 

128 

.268 

120 

.385 

130 

4.504 

131 

.627 

132 

.752 

133 

4.880 

134 

5.011 

135 

5.145 

136 

.282 

137 

.422 

138 

.565 

139 

.712 

140 

5.862 


100 no 

10 1 100 
102 101 
io;i 102 


106 104 

107 ior> 
lOS 107 
100 lOS 


111 no 

112 111 

113 112 

114 113 


100 08 
101 100 


103 102 

104 103 

105 104 

106 105 


109 107 

110 108 
111 110 
112 111 


101 00 
102 100 

103 101 

104 103 


106 105 

107 106 

108 107 
100 108 


101 100 
102 101 

103 102 

104 103 


Appendix 


TABLE A-8 

Relative Humiditijy Per Cerd — Fahrenheit Temperatures 
[Pressure = 20.0 inches] 















Tables 


TABLE A-8 (Continued) 

Relative Humidity, Per Cent — Fahrenheit Temperatures 
[Pressure = 29.0 inches] 


Air 

Tcm- 

IXTU- 

ture 

t 






Depression of Wct^Bulb Thermometer (/ 

- n 







0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

20 

92 

85 

78 

70 

63 

50 

49 

42 

35 

2S 

21 

14 

7 









21 

03 

80 

78 

71 

04 

57 

50 

44 

37 

30 

24 

17 

10 

3 








22 

93 

80 

79 

72 

05 

59 

52 

45 

39 

32 

20 

19 

13 

7 

0 







2» 

93 

87 

80 

73 

60 

00 

53 

47 

41 

34 

28 

22 

16 

10 

3 







24 

94 

87 

81 

74 

68 

61 

55 

49 

42 

36 

30 

24 

18 

12 

6 

0 






25 

94 

87 

81 

75 

09 

03 

50 

50 

44 

38 

32 

27 

21 

15 

9 

4 






W' iV 

94 

KH 

82 

75 

09 

64 

58 

52 

40 

40 

34 

29 

23 

18 

12 

7 

1 





KTrfl 

94 

88 

82 

70 

70 

05 

59 

53 

48 

42 

30 

31 

20 

20 

15 

9 

4 






94 

88 

82 

77 

71 

00 

00 

55 

49 

44 

38 

33 

28 

23 

17 

12 

7 

2 





94 

89 

83 

78 

72 

67 

61 

56 

51 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 




95 

80 

84 

78 

73 

68 

02 

57 

52 

47 

42 

37 

32 

27 

22 

17 

12 

8 

3 




95 

89 

84 

79 

74 

69 

63 

5S 

53 

49 

44 

39 

34 

29 

24 

20 

15 

10 

6 

1 



95 

90 

85 

79 

74 

09 

05 

60 

55 

.50 

45 

41 

30 

31 

26 

22 

17 

13 

9 

4 


33 

95 

90 

85 

80 

VO 

71 

60 

01 

50 

52 

47 

42 

38 

33 

2<» 

24 

20 

16 

11 

7 

3 

34 

95 

90 

86 

81 

77 

72 

07 

62 

58 

53 

49 

44 

40 

35 

31 

27 

22 

18 

14 

9 

5 

35 

95 

91 

80 

82 

77 

73 

08 

04 

59 

55 

50 

46 

41 

37 

33 

29 

24 

20 

16 

12 

8 

36 

95 

91 

87 

82 

78 

73 

09 

65 

01 

50 

52 

48 

43 

39 

35 

31 

27 

23 

IS 

14 

10 

37 

95 

91 

87 

83 

79 

74 

70 

00 

02 

58 

54 

49 

45 

41 

37 

33 

29 

25 

21 

17 

13 

38 

90 

91 

87 

83 

79 

75 

71 

07 

03 

.59 

55 

51 

47 

43 

39 

35 

31 

27 

23 

19 

15 

39 

96 

92 

88 

84 

80 

76 

72 

6.S 

04 

60 

56 

52 

48 

44 

41 

37 

33 

29 

25 

21 

17 

40 

96 

92 

88 

84 

80 

76 

72 

68 

04 

01 

57 

53 

49 

40 

42 

38 

35 

31 

27 

23 

20 

41 

90 

92 

88 

84 

80 

77 

73 

09 

05 

02 

58 

54 

50 

47 

43 

40 

36 

33 

29 

26 

22 

42 

96 

92 

88 

85 

81 

77 

73 

70 

00 

02 

59 

55 

51 

48 

45 

41 

38 

34 

31 

28 

24 

43 

96 

92 

88 

85 

81 

78 

74 

70 

07 

03 

00 

50 

52 

49 

46 

43 

39 

36 

32 

29 

26 

44 

96 

93 

89 

85 

82 

78 

74 

71 

08 

64 

61 

57 

54 

51 

47 

44 

40 

37 

34 

31 

28 

45 

90 

93 

89 

86 

82 

79 

75 

71 

OH 

05 

01 

58 

55 

52 

48 

45 

42 

39 

36 

33 

29 

46 

90 

93 

89 

86 

82 

79 

75 

72 

69 

05 

02 

59 

50 

53 

49 

46 

43 

40 

37 

34 

31 

47 

90 

93 

89 

80 

83 

79 

70 

73 

09 

00 

03 

00 

57 

54 

50 

47 

44 

41 

38 

35 

32 

48 

96 

93 

90 

87 

83 

80 

70 

73 

70 

07 

03 

00 

57 

54 

51 

48 

45 

42 

39 

36 

34 

49 

96 

93 

90 

87 

83 

80 

77 

74 

71 

67 

64 

61 

58 

55 

52 

49 

46 

43 

40 

37 

35 

50 

96 

93 

90 

87 

84 

81 

77 

74 

71 

68 

05 

02 

59 

56 

53 

50 

47 

44 

42 

39 

36 

51 

97 

94 

90 

87 

84 

81 

78 

75 

72 

09 

00 

03 

00 

57 

54 

51 

48 

45 

43 

40 

37 

52 

97 

94 

91 

88 

84 

81 

78 

75 

72 

69 

66 

63 

60 

58 

55 

52 

49 

40 

44 

41 

39 

53 

97 

94 

91 

88 

85 

82 

78 

75 

73 

70 

07 

64 

61 

58 

56 

53 

50 

47 

4 ) 

42 

40 

54 

97 

94 

91 

88 

85 

82 

79 

76 

73 

70 

67 

65 

62 

59 

57 

54 

51 

48 

46 

43 

41 

55 

97 

94 

91 

88 

85 

82 

79 

76 

74 

71 

08 

65 

62 

60 

57 

55 

52 

49 

47 

44 

42 


97 

94 

91 

88 

86 

82 

79 

77 

74 

71 

69 

66 

03 

61 

58 

55 

53 

50 

48 

45 

43 


97 

94 

91 

88 

85 

83 

80 

77 

74 

72 

09 

00 

64 

61 

59 

56 

53 

51 

49 

46 

44 


97 

94 

91 

89 

86 

83 

80 

77 

75 

72 

69 

67 

64 

62 

60 

57 

54 

52 

49 

47 

45 


97 

94 

92 

89 

86 

83 

81 

78 

75 

73 

70 

68 

05 

63 

60 

58 

55 

53 

50 

48 

45 

BH 

97 

94 

92 

89 

86 

84 

81 

78 

70 

73 

71 

68 

65 

63 

61 

58 

56 

53 

51 

49 

46 


97 

94 

92 

89 

86 

84 

81 

79 

70 

74 

71 

68 

06 

64 

61 

59 

56 

54 

52 

50 

47 


97 

94 

92 

89 

87 

84 

81 

79 

77 

74 

72 

69 

66 

64 

62 

60 

57 

55 

53 

50 

48 


97 

95 

92 

90 

87 

84 

82 

79 

77 

74 

72 

70 

67 

05 

62 

60 

58 

56 

53 

51 

49 

64 

97 

96 

92 

90 

87 

85 

82 

79 

77 

75 

72 

70 

68 

06 

63 

61 

58 

56 

54 

52 

50 

65 

97 

95 

92 

90 

87 

85 

82 

80 

78 

75 

73 

70 

68 

66 

64 

62 

59 

57 

55 

53 

50 

mm 

97 

95 

92 

90 

87 

85 

83 

80 

78 

76 

73 

71 

68 

66 

64 

62 

60 

58 

55 

53 

51 


97 

95 

92 

90 

88 

85 

83 

80 

78 

76 

73 

71 

69 

67 

05 

62 

60 

58 

56 

54 

52 

mm 

97 

95 

93 

90 

88 

85 

83 

81 

78 

70 

74 

72 

69 

67 

65 

63 

61 

59 

57 

55 

53 

tl 

97 

95 

93 

90 

88 

86 

83 

81 

79 

77 

74 

72 

70 

68 

66 

64 

61 

59 

57 

55 

53 

■ 1 

98 

95 

93 

90 

88 

86 

83 

81 

79 

77 

75 

72 

70 

68 

66 

64 

62 

60 

58 

56 

54 

71 

98 

95 

93 

90 

88 

80 

84 

82 

79 

77 

75 

73 

71 

69 

67 

64 

62 

60 

68 

56 

54 

72 

98 

95 

93 

91 

89 

86 

84 

82 

80 

78 

75 

73 

71 

69 

67 

65 

63 

61 

59 

57 

55 

73 

98 

96 

93 

91 

89 

86 

84 

82 

80 

78 

76 

73 

71 

69 

67 

65 

63 

61 

60 

68 

56 

74 

98 

96 

93 

91 

89 

86 

84 

82 

80 

78 

76 

74 

72 

70 

68 

66 

64 

62 

60 

58 

56 


98 

96 

93 

91 

89 

87 

84 

82 

80 

78 

76 

74 

72 

70 

68 

66 

64 

63 

61 

69 

57 


98 

96 

93 

91 

89 

87 

85 

83 

80 

78 

76 

74 

72 

70 

69 

67 

65 

63 

61 

69 

67 


98 

96 

93 

91 

89 

87 

85 

83 

81 

79 

77 

75 

73 

71 

69 

67 

65 

63 

61 

60 

58 


98 

96 

94 

91 

89 

87 

85 

83 

81 

79 

77 

75 

73 

71 

69 

67 

66 

64 

62 

60 

58 


98 

96 

94 

91 

89 

87 

85 

83 

81 

79 

77 

75 

73 

71 

70 

68 

66 

64 

62 

60 

69 

80 

98 

90 

94 

91 

89 

87 

85 

83 

81 

79 

77 

76 

74 

72 

70 

68 

66 

64 

63 

61 

59 
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TABLE A-8 {Continued) 

Relative Humidity^ Per Cent — Fahrenheit Temperatures 
[Pressure = 29.0 incluisj 


Air 

Tem- 

pera- 

Depression of Wet-Bulb Thermometer {t - V) 

ture 
















l 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

SO 

96 

91 

87 

83 

70 

76 

72 

68 

64 

61 

57 

54 

51 

47 

44 

82 

06 

92 

88 

84 

80 

76 

72 

69 

65 

62 

58 

55 

52 

49 

46 

84 

06 

92 

88 

84 

80 

77 

73 

70 

66 

63 

50 

56 

53 

50 

47 

86 

96 

92 

88 

85 

81 

77 

74 

70 

67 

63 

60 

57 

54 

51 

48 

88 

96 

92 

88 

85 

81 

78 

74 

71 

67 

64 

61 

58 

55 

52 

49 

00 

96 

92 

80 

85 

81 

78 

75 

71 

68 

05 

62 

59 

56 

53 

50 

92 

06 

92 

80 

85 

82 

78 

75 


69 

65 

62 

59 

57 

54 

51 

04 

96 

93 

89 

86 

82 

79 

75 

72 

69 

66 

63 

60 

57 

54 

52 

96 

96 

03 

89 

86 

82 

70 

76 

73 

70 

67 

64 

61 

58 

55 

53 

08 

06 

93 

89 

86 

83 

79 

76 

73 

70 

67 

64 

61 

59 

56 

53 

100 

06 

93 

90 

86 

83 

80 

77 

74 

71 

68 

65 

62 

59 

57 

54 

102 

06 

93 

90 

86 

83 

80 

77 

74 

71 

68 

65 

63 

60 

57 

55 

104 

97 

03 

90 

87 

84 

80 

77 

74 

72 

60 

66 

63 

61 

58 

56 

106 

07 

03 

90 

87 

84 

81 

78 

75 

72 

69 

66 

64 

61 

59 

56 

108 

97 

93 

90 

87 

84 

81 

78 

75 

72 

70 

67 

64 

62 

59 

57 

no 

97 

04 

90 

87 

84 

81 

78 

76 

73 

70 

67 

65 

62 

60 

57 

112 

07 

04 

90 

87 

84 

82 

79 

76 

73 

70 

68 

65 

63 

60 

58 

114 

07 

04 

91 

88 

85 

82 

70 

76 

74 

71 

68 

66 

63 

61 

59 

116 

97 

04 

91 

88 

85 

82 

70 

77 

74 

71 

69 

66 

64 

61 

59 

118 

97 

04 

91 

88 

85 

82 

79 

77 

74 

72 

69 

67 

64 

62 

60 

120 

97 

94 

91 

88 

85 

82 

80 

77 

74 

72 

69 

67 

65 

62 

60 

122 

97 

94 

91 

88 

85 

83 

80 

77 

75 

72 

70 

67 

65 

63 

61 

124 

07 

94 

01 

88 

86 

83 

80 

78 

75 

73 

70 

68 

65 

63 

61 

126 

97 

94 

01 

80 

86 

83 

81 

78 

75 

73 

71 

68 

66 

64 

62 

128 

97 

04 

91 

89 

86 

83 

81 

78 

76 

73 

71 

69 

66 

64 

62 

130 

97 

94 

02 

80 

86 

84 

81 

78 

76 

74 

71 

60 

67 

65 

62 

132 

07 

04 

02 

80 

86 

84 

81 

70 

76 

74 

72 

69 

67 

65 

63 

134 

07 

04 

92 

89 

86 

84 

81 

79 

76 

74 

72 

70 

67 

65 

63 

136 

07 

04 

02 

80 

87 

84 

82 

79 

77 

74 

72 

70 

6S 

66 

64 

138 

07 

04 

02 

80 

87 

84 

82 

79 

77 

75 

72 

70 

68 

66 

64 

140 

07 

05 

02 

80 

87 

84 

82 

80 

77 

75 

73 

71 

68 

66 

64 


Depression of Wet-Bulb Thermometer (t - t') 

( 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

80 

41 

38 

35 

32 

20 

27 

24 

21 

18 

16 

13 

11 

8 

6 

4 

82 

43 

40 

37 

34 

31 

28 

25 

23 

20 

18 

15 

13 

10 

8 

6 

84 

44 

41 

38 

35 

32 

30 

27 

25 

22 

20 

17 

15 

12 

10 

8 

86 

45 

42 

39 

37 

34 

31 

20 

26 

24 

21 

10 

17 

14 

12 

10 

88 

46 

43 

41 

38 

35 

33 

30 

28 

25 

23 

21 

18 

16 

14 

12 

00 

47 

44 

42 

39 

37 

34 

32 

20 

27 

24 

22 

20 

18 

16 

14 

02 

48 

45 

43 

40 

38 

35 

33 

30 

28 

26 

24 

22 

19 

17 

15 

04 

40 

46 

44 

41 

30 

36 

34 

32 

20 

27 

25 

23 

21 

19 

17 

06 

50 

47 

45 

42 

40 

37 

35 

33 

31 

20 

26 

24 

22 

20 

IS 

98 

51 

48 

46 

43 

41 

39 

36 

34 

32 

30 

28 

26 

24 

22 

20 

100 

52 

49 

47 

44 

42 

40 

37 

35 

33 

31 

20 

27 

25 

23 

21 

102 

52 

50 

47 

45 

43 

41 

38 

36 

34 

32 

30 

28 

26 

24 

22 

104 

53 

51 

48 

46 

44 

41 

39 

37 

35 

33 

31 

29 

27 

25 

24 

106 

54 

51 

49 

47 

45 

42 

40 

38 

36 

34 

32 

30 

28 

27 

25 

108 

54 

52 

50 

47 

45 

43 

41 

30 

37 

35 

33 

31 

29 

28 

26 

no 

55 

53 

50 

48 

46 

44 

42 

40 

38 

36 

34 

32 

30 

29 

27 

112 

56 

53 

51 

49 

47 

45 

43 

41 

39 

37 

35 

33 

31 

30 

28 

114 

56 

54 

52 

50 

48 

45 

43 

41 

40 

38 

36 

34 

32 

31 

29 

116 

57 

55 

52 

50 

48 

46 

44 

42 

40 

38 

37 

35 

33 

31 

30 

118 

57 

55 

53 

51 

49 

47 

45 

43 

41 

39 

37 

36 

34 

32 

31 

120 

58 

56 

54 

51 

40 

47 

46 

44 

42 

40 

38 

36 

35 

33 

31 

122 

58 

56 

54 

52 

50 

48 

46 

44 

42 

41 

39 

37 

36 

34 

32 

124 

59 

57 

55 

53 

51 

49 

47 

45 

43 

41 

40 

38 

36 

35 

33 

126 

59 

57 

55 

53 

51 

49 

47 

46 

44 

42 

40 

39 

37 

35 

34 

128 

60 

58 

56 

54 

52 

50 

48 

46 

44 

43 

41 

39 

38 

36 

34 

130 

60 

58 

56 

54 

52 

50 

49 

47 

45 

43 

42 

40 

38 

37 

35 

132 

61 

59 

57 

55 

53 

51 

49 

47 

46 

44 

42 

41 

39 

37 

36 

134 

61 

59 

57 

55 

53 

51 

50 

48 

46 

44 

43 

41 

40 

38 

36 

136 

61 

50 

58 

56 

54 

52 

60 

48 

47 

45 

43 

42 

40 

39 

37 

138 

62 

60 

58 

56 

54 

52 

51 

49 

47 

45 

44 

42 

41 

39 

38 

140 

62 

60 

58 

56 

55 

53 

51 

49 

48 

46 

44 

43 

41 

40 

38 
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TABLE A-8 (Continued) 

Relative Humidity ^ Per Cent — Fahrenheit Temperatures 
[Pressure = 29.0 inches] 


Air 

Tem- 

pera- 

ture 

t 

Depression of Wet-Bulb Thermometer (i - t') 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

80 

96 

91 

87 

83 

79 

76 

72 

68 

64 

61 

57 

54 

51 

47 

44 

82 

96 

92 

88 

84 

80 

76 

72 

69 

65 

62 

58 

55 

52 

49 

46 

84 

96 

92 

88 

84 

80 

77 

73 

70 

66 

63 

59 

56 

53 

50 

47 

86 

96 

92 

88 

85 

81 

77 

74 

70 

67 

63 

60 

57 

54 

51 

48 

88 

96 

92 

88 

85 

81 

78 

74 

71 

67 

64 

61 

58 

55 

52 

49 

90 

96 

92 

89 

85 

81 

78 

75 

71 

68 

65 

62 

59 

56 

53 

50 

92 

96 

92 

89 

85 

82 

78 

75 

72 

69 

65 

62 

59 

57 

54 

51 

94 

96 

93 

89 

86 

82 

79 

75 

72 

69 

66 

63 

60 

57 

54 

52 

96 

96 

93 

89 

86 

82 

79 

76 

73 

70 

67 

64 

61 

58 

55 

53 

98 

96 

93 

89 

86 

83 

79 

76 

73 

70 

67 

64 

61 

59 

56 

53 

100 

96 

93 

90 

86 

83 

80 

77 

74 

71 

68 

65 

62 

59 

57 

54 

102 

06 

93 

90 

86 

83 

80 

77 

74 

71 

68 

65 

63 

60 

57 

55 

104 

97 

93 

90 

87 

84 

80 

77 

74 

72 

69 

66 

63 

61 

58 

56 

106 

97 

93 

90 

87 

84 

81 

78 

75 

72 

6!) 

66 

64 

61 

59 

56 

108 

97 

93 

90 

87 

84 

81 

78 

75 

72 

70 

67 

64 

62 

59 

57 

110 

97 

94 

90 

87 

84 

81 

78 

76 

73 

70 

67 

65 

62 

60 

57 

112 

97 

94 

90 

87 

84 

82 

79 

76 

73 

70 

68 

65 

63 

60 

58 

114 

97 

94 

91 

88 

85 

82 

79 

76 

74 

71 

68 

66 

63 

61 

59 

116 

97 

94 

91 

88 

85 

82 

79 

77 

74 

71 

69 

66 

64 

61 

59 

118 

97 

94 

91 

88 

85 

82 

79 

77 

74 

72 

69 

67 

64 

62 

00 

120 

97 

94 

91 

88 

85 

82 

80 

77 

74 

72 

69 

67 

65 

62 

60 

122 

97 

04 

91 

88 

85 

83 

80 

77 

75 

72 

70 

67 

65 

03 

61 

124 

97 

94 

91 

88 

86 

83 

80 

78 

75 

73 

70 

68 

65 

63 

61 

126 

97 

94 

91 

89 

86 

83 

81 

78 

75 

73 

71 

68 

60 

64 

62 

128 

97 

94 

91 

89 

86 

83 

81 

78 

76 

73 

71 

69 

66 

64 

62 

130 

97 

94 

02 

89 

86 

84 

81 

78 

76 

74 

71 

69 

67 

65 

62 

132 

97 

94 

92 

89 

86 

84 

81 

79 

76 

74 

72 

69 

67 

65 

63 

134 

97 

94 

92 

89 

86 

84 

81 

79 

76 

74 

72 

70 

67 

65 

63 

136 

97 

94 

92 

89 

87 

84 

82 

79 

77 

74 

72 

70 

68 

66 

64 

138 

97 

94 

92 

89 

87 

84 

82 

79 

77 

75 

72 

70 

68 

66 

64 

140 

97 

95 

92 

89 

87 

84 

82 

80 

77 

75 

73 

71 

68 

66 

64 


Depression of Wet-Bulb Tliermometer (t - t') 


16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

80 

41 

38 

35 

32 

29 

27 

24 

21 

18 

16 

13 

11 

8 

6 

4 

82 

43 

40 

37 

34 

31 

28 

26 

23 

20 

18 

15 

13 

10 

8 

6 

84 

44 

41 

38 

35 

32 

30 

27 

25 

22 

20 

17 

15 

12 

10 

8 

86 

45 

42 

39 

37 

34 

31 

29 

26 

24 

21 

19 

17 

14 

12 

10 

88 

46 

43 

41 

38 

35 

33 

30 

28 

25 

23 

21 

18 

16 

14 

12 

90 

47 

44 

42 

39 

37 

34 

32 

29 

27 

24 

22 

20 

18 

16 

14 

92 

48 

45 

43 

40 

38 

35 

33 

30 

28 

26 

24 

22 

19 

17 

15 

94 

49 

46 

44 

41 

39 

36 

34 

32 

29 

27 

25 

23 

21 

19 

17 

96 

50 

47 

45 

42 

40 

37 

35 

33 

31 

29 

26 

24 

22 

20 

18 

98 

51 

48 

46 

43 

41 

39 

36 

34 

32 

30 

28 

26 

24 

22 

20 

100 

52 

49 

47 

44 

42 

40 

37 

35 

33 

31 

29 

27 

25 

23 

21 

102 

52 

50 

47 

45 

43 

41 

38 

36 

34 

32 

30 

28 

26 

24 

22 

104 

53 

51 

48 

46 

44 

41 

39 

37 

35 

33 

31 

29 

27 

25 

24 

106 

64 

51 

49 

47 

45 

42 

40 

38 

36 

34 

32 

30 

28 

27 

25 

108 

54 

52 

50 

47 

45 

43 

41 

39 

37 

35 

33 

31 

29 

28 

26 

no 

55 

53 

50 

48 

46 

44 

42 

40 

38 

36 

34 

32 

30 

29 

27 

112 

56 

53 

51 

49 

47 

45 

43 

41 

39 

37 

35 

33 

31 

30 

28 

114 

56 

54 

52 

60 

48 

45 

43 

41 

40 

38 

36 

34 

32 

31 

29 

116 

67 

55 

62 

50 

48 

46 

44 

42 

40 

38 

37 

35 

33 

31 

30 

118 

57 

55 

53 

51 

49 

47 

45 

43 

41 

39 

37 

36 

34 

32 

31 

120 

58 

66 

54 

51 

49 

47 

46 

44 

42 

40 

38 

36 

35 

33 

31 

122 

58 

56 

54 

52 

50 

48 

46 

44 

42 

41 

39 

37 

36 

34 

32 

124 

59 

67 

55 

53 

51 

49 

47 

45 

43 

41 

40 

38 

36 

35 

33 

126 

69 

57 

55 

53 

61 

49 

47 

46 

44 

42 

40 

39 

37 

35 

34 

128 

60 

58 

56 

54 

52 

50 

48 

46 

44 

43 

41 

39 

38 

36 

34 

130 

60 

58 

56 

54 

52 

50 

49 

47 

45 

43 

42 

40 

38 

37 

35 

132 

61 

59 

57 

55 

53 

51 

49 

47 

46 

44 

42 

41 

39 

37 

36 

134 

61 

59 

57 

55 

53 

51 

50 

48 

46 

44 

43 

41 

40 

38 

36 

136 

61 

59 

58 

56 

54 

52 

50 

48 

47 

45 

43 

42 

40 

39 

37 

138 

62 

60 

58 

56 

54 

52 

51 

49 

47 

45 

44 

42 

41 

39 

38 

140 

62 

60 

58 

56 

55 

53 

61 

49 

48 

46 

44 

43 

41 

40 

38 
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REDUCTION OF PRESSURE TO SEA LEVEL 

The United States Weather Bureau has prepared a ‘Tressure- 
Altitude Chart (105()'800 mb.)/^ W. B. Form 1154A, which may 
be used to reduce station pressure to sea-level pressure. This chart 
together with W. B. Form 1154B, “Humidity Correction to Mean 
Temperature for Pressure Redu(‘.tion/^ may be used if individual 
pressure reduction tables are not available at the observatory. 

To reduce station pressure to sea level : 

1. Determine Hb = the station elevation. 

2. Express lib in terms of the unit: 0.98 geodynamic meter 
(gdm), by conversion from geometric meters. 

Hb (in 0.98 gdm) — F X Hb (in geometric meters) 

where F is obtained from Table A-9, using the latitude of the 
observatory. 

TABLE A-0 


Latitude 

F 

90 

1.0033 

80 

1.0031 

70 

1.0027 

60 

1.0020 

50 

1.0011 

40 

1.0002 

30 

0.9993 

20 

0.9086 

10 

0.9982 

0 

0.9980 


3. Determine P = “station pressure^^ in millibars. 

4. Determine tmv = the mean virtual temperature of the fic- 
titious air column assumed to extend from the station to sea level 
as follows: 


tjn = mean (dry-V)ulb) temperature assuming a lapse rate of 
1° C. per 200 meters or F. per 2,000 feet. 
tg = the temperature argument (mean temperature for last 
12 hours). 

tm = U ^ where 1^ and tg are °F. and Hb is in 0.98 


gdm, or 



where Un and tg are °C. and Hb is in 0.98 gdm 
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Next apply the correction for humidity as follows: 

^mv ^ 

where Cm i« obtained from the humidity correc^tion chart. 

5. By means of the elevation scale on the left of the pressure- 
altitude chart, mark off on a straight edge the distance (correspond- 
ing to Hh from 0 elevation. 

6. Apply the straight edge to the chart so that it coin(cid(?s with 
the vertical line corresponding to tmvi the mean virtual tempera- 
ture obtained in paragraph 4 above. Then slide the straight edge 
vertically until the mark Ilb is on the sloping pressure line for the 
“station pressure.’^ 

7. Read the reduced, sea-level pressure on thc^ sloping line which 
crosses the 0 or sea-level elevatiem on the straight edge. 

Example 

Station elevation, Hb = 750 (0.98 gdm) 

Station pressure, P = 938.0 millibars 

Station temperature argument, U = 50° F. 

Dew point, d.p. = 32° F. 

<„ = <, + l = 5()» K. 4- ;}.4° F. = 53.4'’ F. 

\ 400 / 

From humidity (correction chart 
Hb = 750 and dew point 32° F. 

Cn. = 1.4° F. 

tmv = + Cm = 53.4° F. + 1.4° F. == 54.8° F. 


Using the straight edge the reduced sea-level pressure = 1026.0 mb. 
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ELEVATION (0.98 gdm.) 


HUMIDrrY CORRECTION TO MEAN TEMPERATURE FOR PRESSURE REDUCTION 


This chart is primarily intended fcr use in conjunction 
with WB Form 1154A, ^‘Pressure-Altitude Chart (1050-800 
mb.)’\ which is designed to permit reduction of pressure to 
sea leveL The slanting lines hereon represent values of » 
“Correction for Mean Moisture Content of Air Column." 
The arguments fbr obtaining Cg. are dew point at time of 
observation (horizontal scale) and station elevation, in 
0.98 gdm. (vertical scale). To facilitate the reading of C„ from 
this chart, draw a horizontal line to correspond to in 
accordance with the elevation scale at the sides. 

•F.-15* -10* -5* 0* 5" 10* 

1 I I I 1 I 1 I I I I I I I I i I I I I I i I I I M I I I I 


The application of C. is seen from the relationship: 

= t,a + C*, where 

= mean virtual temperature of the air column ex- 
tending from the station down to sea level, and 
t„ = mean (dry-bulb) temperature of that air column. 
Values of t.,, are required to reduce pressure to sea level, and 
serve as the argument of the horizontal scale on WB Form 
1154 A. 

CAUTION: Data printed in slanting type (italics) retor 
to degrees Centigrade, and data in vertical type refer to 

15* 20" 25* 30" F. 35" 40" 45" 50" 


degrees Fahrenheit. Consistency of units (*C. or *F.) is 
essential for t„, C„, t„„ etc. 

BASIS OF CHART: C,^ has been computed on the 
of the assumptions that barometric pressure varies with height 
in accordance with the U. S. Standard Atmosphere, and that 
vapor pressure varies with height in accordance with Hann’s 
equation: 

e/e 

• , where e. = vapor pressure at 

height p, and e = vapor pressure at height h, in meters. 

55" 60" 65" 70* 75* 80" 85" 90" 95" 100" (•?.) 
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DEW POINT 


ELEVATION (0.98 odm.) 
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WORK SHEET A 

Convert the following values from Centigrade to Fahrenheit and fi i‘ni 
Fahrenheit to Centigrade. 


Tempeuatuke Centigrade 
0 degre(is 
32 degrees 
— 32 degrees 
100 degrees 


Temperature Fahrenheit 

degrees 

dtjgrees 

dtigretjs 

degrees 


Temperature Fahrenheit 
0 degrees 
32 degrt^es 
212 degrees 
79 degre(.‘S 
54 d(igr(^es 
27 degrees 
— 7 d( agrees 
—29 degrees 


Temperature Centigrade 

degnies 

d( agrees 

degrees 

degrees 

degrees 

degrees 

degrees 

degrties 


14.7 pounds per s(piare inch equals inches or equals also 

millibars of pressure. 
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WORK SHEET B 
Single Interpolations 

Using the psychrometric tables, compute the actual dew point and rela- 
tive humidity for the values indicated herein. 


Num- 

ber 

Dry-Bulb 

Tempera- 

ture 

Wet-Bulb 

Ttiinpera- 

ture 

Dew 

Point 

Relativ(i 

Humidity 

Dew 

Point 

ReeordtHl 

Relative 

Humidity 

Recorded 

1 

70.0 

60.0 





2 

73.0 

67.0 





3 

72.0 

65.5 





4 

55.0 

46.5 





5 

51.0 

46.1 





G 

40.0 

36.2 

— 




7 

39.0 

38.3 




8 

24.0 

19.4 





9 

22.0 

20.6 





10 

21.0 

20.7 





11 

29.0 

26.8 





12 

33.0 

30.9 



— 


13 

80.0 

70.0 



— 

14 

81.0 

75.5 




15 

82.0 

78.5 





16 

88.0 

79.1 





17 

91.0 

70.2 





18 

92.0 

75.3 





19 

101.0 

79.6 





20 

99.0 

77.4 
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WORK SHEET C 
Double Interpolations 

Usinji; the psychrometric tables, compute the actual dew points and 
relative humidities for the values listed herein. 


Num- 

ber 

Dry-Hulb 

Tempc'ra- 

ture 

Wet-Hull) 

Teinpt^ra- 

turo 

Actual 

Dew 

Point 

Relative 

Humidity 

Dew 

Point 

Re(5orded 

Relative 

Humidity 

Recordtxl 

1 

100.4 

80.0 





2 

45.8 

43.1 





a 

4 

11.0 

1.8 

9.4 

1.0 

- 

— 

• 



5 

81.7 

70.5 





() 

75.0 






7 

32.3 

25.5 





8 

72.9 

72.1 





9 

1.2 

0.5 





10 

40.3 

32.2 





11 

59.2 

48.3 





12 

0.6 

0.2 





13 

75.2 

50.0 





14 

20.3 

18.3 





15 

- 12.5 

- 12.7 





K ) 

90.4 

00.2 





17 

20.3 

20.2 





18 

103.2 

70.0 





19 

55.4 

53.0 





20 

70.8 

60.2 







WORK SHEET D 


Computation of Sea-Level Pressures in Inches and Millibars 
Compute the sea-level pressures in inches and millibars from the data 
indicated herein. Station elevation Ilh = 1500 feet. 


Time 

Temper- 

ature 

Time 

Temper- 

ature 

Station 

Pressure 

S(;a-Level 
Pressure (in.) 

Sea-Level 
Pressurii (mb.) 

1930 

44.2 

0830 

77.2 

28.11 



2030 

25.5 

0930 

44.3 

28.44 



2130 

50.4 

1030 

21.1 

28.79 



2230 

18.2 

1130 

14.2 

28.32 



2330 

10.4 

1230 

-0.2 

28.63 



0030 

1.5 

1330 

-11.5 

28.85 


- 

0130 

-10.0 

1430 

-14.4 

29.07 


0230 

0.0 

1530 

42.5 

28.25 


. . .. 

0330 

30.1 

1630 

60.1 

28.93 


0430 

35.2 

1730 

100.2 

28.47 



0530 

90.1 

1830 

17.1 

28.81 



0630 

14.4 

1930 

14.3 

28.48 



0730 

20.2 

2030 

33.4 

28.36 



0830 

44.5 

2130 

91.2 

28.67 



0030 

80.2 

2230 

72.4 

28.22 


- - — 

1030 

61.1 

2330 

44.1 

29.09 


1130 

50.7 

0030 

88.3 

28.74 



1230 

77.1 

0130 

18.4 

28.56 



1330 

44.2 

0230 

0.3 

28.94 



1430 

-5.1 

0330 

-1.2 

28.17 



1530 

16.4 

0430 

41.9 

29.03 



1630 

11.2 

0530 

99.0 

29.58 



1730 

80.2 

0630 

11.4 

28.29 



1830 

-5.1 

0730 

12.2 

28,55 



1930 

-0.2 
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WORK SHEET E 
Computation of Sea-Level Pressures 

Compute sea-level pressure for station, sea-level pressure in inches and 
millibars from the data indicated herein. Station elevation Hb = 1050 
feet. 


Num- 

ber 

Attached 

Ther- 

inomeU'r 

Reading 

Obs(jrved 

1 

Station 

Pnissure 

Curr(‘nt, 

Ten»p(?r- 

aliini 

12-Hour 

Tempc'r- 

atiiHi 

Sea 

Level 

in. 

Sea 

Level 

mb. 

1 

77.5 

29.000 


54.2 

77.5 



2 

69.5 

28.500 


59.4 

83.3 



3 

72.5 

28.100 


60.1 

44.1 



4 

76.0 

28.624 


-11.0 

-5.1 



5 

69.5 

28.352 


80.2 

90.2 



6 

80.0 

28.584 


70.4 

71.4 



7 

71.0 

28.243 


56.6 

56.6 



8 

75.5 

29.072 


100.2 

60.5 



9 

82.0 

29.111 


9.5 

8.4 



10 

71.5 

28,241 


14.4 

7.2 



11 

87.5 

28.221 


4.3 

-2.4 



12 

88.0 

29.083 


55.1 

41.1 



13 

84.5 

28.942 


22.4 

17.3 



11 

82.0 

28.241 


60.5 

50.2 



15 

68.0 

28.641 


10.2 

5.1 



16 

66.5 

28.420 


0.0 

7.2 



17 

74.0 

28.999 


52.3 

44.4 



18 

71.5 

29.092 


-21.2 

-10.4 



19 

77.0 

28.891 


50.1 

63.3 
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WORK SHEET F 


Complete this form by filling in the spaces shown herein with the correc^t 
information. 


Name 

Type 

Appearance 

Composition 

How Distingiiisheil from Ollu'r 

Ci 




Ci from Cs 

Cs 




Cs from As 

Cc 




Cc from A(! 

Ac 




Ac from Sc 

As 




As from Ns 

Ns 




Ns from St 

Sc 




8(5 from Cu 

Cu 




Cu from Cb 

Cb 




Cb from Ns 

St 




St from Sc 

Fs 




Fs from St 

Fc 




Fc from Cu 

Acc 




Acc from Ac 

Me 




Me from Cb 
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WORK SHEET G 
Observing and Typing Clojids 

By observing and typing the clouds at given times during the day, 
complete form by posting the data required. 


Obser- 

vation 

Numb(‘r 

Time 

Low 

Cloud/s 

Middle 

T/loud/s 

High 

Cloud/s 

Vertical 

Type 

Cloud/s 

1 






2 






3 






4 






5 






6 






7 






8 






9 






10 






11 






12 






13 






14 






15 






16 






17 






18 






19 






20 






21 






22 






23 






24 
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WORK SHEET H 

Identification of Chad Types ami Obtaining Characteristic Levels 

Complete this form by filling in the spaces herein by the identification 
of cloud types and ranges of heights for clouds listed below. 


Types 

Idtiiitification of Types 

Ranges of Heights 

High 

Low 

Ci 




Cs 




Cc 




Ac 




As 




Ns 




Sc 




Cu 




Cb 




St 






Questions 


2A1 


WORK SHEET I 
Estimate Ceiling Heights 

Complete this form by filling in the spaces with the pertinent informa- 
tion for estimating cloud lieight. 


Cloud 

Type 

Rhiik(‘ 

Usual 

H(‘ighl 

Seasonal 

Variation 

Locality 

Variation 

Appearance 

If lower 
than usual 

If higher 
than usual 

Ci 



Cs 



i ' 

i 



i 

Oc 



! 



Ac 






As 







Xs 







Sc 







Cii 







Cb 







Si 








QliESTTONS 

1. Name three visual weatlier observation elements. 


Ans. a. 
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2. Name four instrumental weather observation elements. 

Am, a, 

h, 

c. 

d, 

3. Express atmospheric pressures in the units given below: 

a, 29.92 inches of mercury millibars 

h, pounds per square inch 

4. Why use coded reports? 

Am. 


5. What interests docs climatology serve? 

Am. 

6. The degree of accuracy recjuired to read Weather Bureau thermome- 
ters is which of the following: 

a. Whole degrees d. Quarter degrees 

b. Half degrees e. Tenths of degrees 

c. Hundredths of degrees 

7. Why are corrections, plus or minus, used with observed thermometer 
readings? 

Am. 


8. Using the psychrometric tables, obtain and enter dew points for the 
following: 

a. Dry bulb 45.8 c. Dry bulb —11.4 

Wet bulb 43.1 Wet bulb —11.7 


Am. 


Am, 


Am. 


b. Dry bulb 
Wet bulb 


0.8 

-0.3 



Questions 


2IfS 

9. Three types of pressure-measuring instruments may be used. One is 
a the second is an barometer and the third is called n 

10. The most accurate of the three types of barometers is the 

type. 

11. Why docs the Weather Bureau use three types of barometers? 

12. The barometer is used to correct a 

13. Does a station barometer read sea-level pressure in this region? 

14. Before a barometric; reading can be used to correct other pressure 

recording instruments a temj)eriiture table must l)e used. 

15. Barometer reads 28.35 at your station. The attached thermometer 
reads 72.5. What is the station pressure? 

16. By what means and how frecpiently do you correct barograph readings? 

Am, — 

17. What method or methods may be used in estimating wind direction? 

— — — 


18. Name the cardinal points of the compass. 
Am. 


19. What exposure is assumed in the Beaufort wind velocity equivalent 
scale? 

A ns. 

20. The velocity ecpiivalents of the Beaufort table are correct for any 
anemometer, regardless of exposure. (True or false?) 

Ans. 

21. List all the steps necessary in measuring depth of snow on ground. 

Am. 
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22. Name three steps in caring for the weighing-type precipitation gage 
during the winter. 

Arts. a. 

6 . 

23. What clouds are most generally referred to as the high types? 

A ns. 


24. What clouds arc most generally referred to as the low types? 
Ans. 


25. What clouds are most generally referred to as the middle types? 
Ans. 


26. What types of clouds are most generally referred to as the vertical 
development types? 

Ans. 


27. What is a stratus cloud called when its base rests on the ground? 
Ans, — 


28. What procedure is used for determining cloud (lire(;tions? 

Ans. 

29. If clouds are moving east, what direction is reported? 

Ans, 


30. Which of the following is correct in determining sky conditions in 
relation to clouds present: 

a. Eighths c. Sixths e. Tenths 

b. Fourths d. Fifths 

31. A clinometer is an instrument used in 



Questions 2J^5 

32. Define the word visibility in relation to weather observing and 
reporting. 

Ans. 


33. Why would an airway beac'on light not ))e a good object to use in 
estimating visibility at night? 


34. The minimum thermometer reads 72.1. The correction card shows a 
correction of —0.3. What reading is recorded? 

35. The maximum thermometer reads 72.1. I'he correction card shows a 
correction of —0.3. What reading is recorded? 

30, The dry-bull) thermometer reads 39.0. The correction is —0.1. How 
should this reading be recorded? 

Ans, 

37. Why is it necessary to use an alcohol thermometer in nortliern Canada? 

38. Clive three methods of determining true north. 

Ans. a. h. c. 

39. Sliould a wind vane l)e oriented to magnetic north or true north for 
meteorological observations? 


40. IIow are \vinds aloft dctermineil? 

Ans. 

41. Why do syno^itic weather ol)serving stations reduce station pressure 
to sea level? 

Ans. 
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42. On a day with cumulus clouds present, temperature 80® F., dew point 
60® F., what height would the cloud bases be? 

Ans. 

43. How are temperature, pressure, and humidity measured above the 
surface of the earth? 

A ns . 


44. Is it possible for the dew point to have a higher value than the dry- 
bulb temperature? 

Ans. 

45. How is visibility determined? 

Ans. 


46. How is gustiness determined in wind observations? 

Ans. - 

47. Does a temperature (jorrection have to be ai)i)licd to the usual (com- 
pensated aneroid barometer to obtain station pressure? 

Ans. 

48. What are the differen(‘(^s between altocumulus and cirroccumulus 
clouds? 

Ans. 


49. What instrument is used to measure cloud direction? 

Ans. 

50. What are some of the reasons for establishing a weather observatory? 

Atis. 
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index 


Absolute humidity, 114 
Actual pressun*, observation of, 142 
Ai‘ro^rapher, 1 
Air, eompositioii of, 4 
Air-li^rht, 72 
Air mass(*s, 5 
Altoeumulus clouds, 27 
cast (‘Hat us, 29 
cumuloj>;(‘nitus, 2S 
Hoccus, 29 
oiiacus, 27 
translucidus, 27 
Altostratus clouds, 29 
opacus, 30 
])n'(‘ipitans, 30 
translucidus, 30 
Anemometers, 123 
l)ridl(‘d, 125 
cup, 123 
liendulum, 124 
pressure-plat (‘, 124 
pressure-tubt‘, 125 
Aneroid barograph, 150 
Aneroid barometer, 149 
Anti'unas, 173 
Arcus, 3S 
Atmosph(‘r(‘, 1 
lu'ight of, 4 
structure' of, 2 
variations in, 4 
Aurora, 97 

Aviation, visibility and, 78 

Haekground in determining visibility, 
09, 70 
Balloons, 103 
ceiling, 57 

Barograph, aneroid, 150 


Barom(^ter, 140 
aneroid, 149 
elevation of, 12 
mercurial, 137 

application of corrections, 143 
fix(‘d-cistern, 149 
n'ading, 142 
verticality, 139 
Baroswitch, 109 
Bas(‘lin(‘ check, 171 
Bearing, 15 
Beaufort scak', 129 
B(‘sson's comb iu'i)hoscope, 61 
Bimetallic thermoim'tt'r, 195 
Blowing snow, 84 
Bridk'd anemometer, 125 
Broken clouds, 53 

Calcium chloride, iis(‘ of, 101 
Candlepower, variation of lamp range 
with, 73 

Ceiling, unlimiti'd, 54 
Ceiling balloons, 57 
C(‘iling light projector, 55 
C\‘ilomet(‘r, 50 
Ci‘nti meter of nu'rciiry, 137 
Chart, })reparing visibility, 70 
Cirrostratus clouds, 20 
filosus, 27 
nebulosus, 27 
Cirrus clouds, 24 
densiis, 25 
filosus, 25 
not bus, 25 
uncinus, 25 
Clear sky, 53 
Clinometer, 55 

Cloud h(‘ight, definition of, 54 
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Cloud height, methods of measuring, 
55 

Clouds, 22 
amount of, 53 
classification of, 22 
details, 38 
arcus, 38 
incus, 38 
pileus, 38 
virga, 38 
direction of, 61 
formation of, 22 
high, 24ff 
cirrocumulus, 25 
cirrostratus, 26 
cirrus, 24 
low, 31 

nimbostratus, 33 
stratocumulus, 31 
stratus, 32 
middhj, 27 
altocumulus, 27 
altostratus, 29 
principal varieties of, 37 
cumuliforniis, 37 
fumulus, 37 
lenticularis, 37 
mammatus, 37 
radiatus, 38 
undulatus, 38 
speed of, 63 

with vertical development, 34 
cumulonimbus, 35 
cumulus, 34 

Computations, winds-aloft, 1()4 
Corona, lunar, 96 
solar, 96 

Cumulonimbus clouds, 35 
calvus, 36 
capillatus, 37 
Cumulus clouds, 34 
congestus, 35 
fractocumulus, 34 
humilis, 35 
Cyclones, 6 

Damp haze, 81 
Daylight visibility, 68 


Dazzle source, 72 

Dew, 91 

Dew point, 114 

Dew-point formula for estimating 
cloud height, 196 
Dines’ anemoiiK^ter, 125 
Directions, orientation and specifica- 
tion of, 13 
Distam^c out, 164 
Distant lightning, 95 
Distant thunderstorms, 94 
Drifting snow, 84 
Drizzle, 90 
Dry haze, 81 
Dust, 84 

lOlectrical and sonic |)heMomena, 94 
distant lightning, 95 
distant thunderstorm, 94 
thund(.‘rstorms, 94 
Electronic obsc'i vations, 167 
lOlements in w(ath(‘r obvserving, 8 
Elevation, of barometer, 12 
of 8-foot j)lane, 12 
field, 12 
obs(‘rvatory, 12 
station, 12 

Equij)ment, radiosonde ground, 173 
antennas, 173 

fiTupiency units, eli‘ctronic, 174 
receivers, 174 
recorders, 174 

microammeb'r, 174 
potentiomeUT, 1 75 
Exceptional visibility, 96 
Exposure of instruments, 10, 12; see 
also Observation point, selta*- 
tion of 

Exi)osure of wind instruments, 120 

Field, elevation of, 12 
Fixed-enstern baronuiters, 14t) 
Flashing lights, 75 
Fog, 82 
ice, 83 
light, 82 
Fog bow, 97 
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Forms, weather record, 15 
Frequency units, electronic, 174 
Fronts, 5 
Frost, 92 

Glaze, 04 
Graphs, 165 
Grid iK^phoscope, 64 
Gustiness, 120, 126 

Hail, 89 
small, 88 

Halo, lunar, 26, 96 
solar, 96 
Hard rime, 94 
Haze, damp, 81 
dry, 81 

Height, cloud, definition of, 54 
iiK'thods of m(‘asuring, 55 
Humidity, definitions of, 113 
ol)S(‘rvation of, 1 15 
Humidity elenu‘nt, 172 
Hydromet(‘or symbols, 98 
Hydrometeors, 80 
intensity, 81 

international definitions of, 80 
visibility and intensity, 81 
Hygrograph, 118 
Hygrometers, 117 
hair, care of, 118 

recording mechanism, liygrograph, 
118 

Ic(^ crystals, 91 
Ice fog, 83 

Improvised weather station, 179 
Inch of nn'icury, 137 
Incus, 38 

Instrumimt observations, 9 
Instruments, position of, 12 
International Atlaa of (Hoads atul 
States of Skijy 23 

Lamp range, variation of, with 
candlepower, 73 
Light fog, 82 
Lights, flashing, 75 
Location of observatory, 12 


Magnetic direction, 15 

Maximum wind velocity, 128 

Mercurial baromc^ters, see Barometers 

Mciteorology, definition of, 1 

Met hods used in weather observing, 8 

Microamni(‘ter recorder, 174 

Millibar, 137 

Mirror nei)hoscope, 64 

Mixing ratio, 1 14 

Mock moons, 26 

Mock suns, 26 

Xephoscope, 61 
Might visibility, 73 
Morthern lights, t)7 

Obje(‘t, id(‘al, for determining visi- 
bility, 69 

Object us(5d in determining visibility, 
70 

angular size of, 71 
color of, 71 

Observation point, selection of, pres- 
sure, 136 

single thi‘odolit(‘, 162 
temp(‘ratur(‘, 100 
wind, 120 

Observation tinu's, standard, 7 
Observations, direct, 1 

(‘lectronic in(‘tt‘orological, 167 

indirect, 1 

instrument, 9 

radiosondi^, 168 

uses of weather, 6 

visual, 8 

winds-aloft, 162 

Observatories, normal climatological 

6 

Obst‘rvatt)ry, elevation of, 12 
location of, 12 
weather, 10 
Observer, weather, 1 
Obstruction to vision, 81 
Optical phenomena, 96 
aurora, 97 
corona, lunar, 96 
solar, 96 

exceptional visibility, 96 
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Optical phenomena, fog bow, 97 
halo, lunar, 96 
solar, 96 
rainbow, 97 
Overcast sky, 53 

Parallax, errors due to, 103 
Parhelia, 26 
Pileus, 38 
Pitot tube, 125 
Position of instruments, 12 
Potentiometer recorder, 175 
Precipitation, 154 
continuous, 85 
forms of, 85 
not in showers, 90 
shower, 85 

Precipitation gag(5S, automatic re- 
cording, tipping-bucket, 158 
weighing- type, 160 
rain, standard, 155 
8-inch, 155 

measuring rainfall, 156 
wind shields for, 158 
Pressure, 136 

observation of actual, 142 
reduction tabUiS, us(} of, 147 
reduction to sea level, 146, 231 
temperature, 12-hour mean, meth 
od for (kitermining, 146 
units, 137 

Pressure-tube anemometer, 125 
Prevailing visibility, procedure for 
determining, 77 
Projector, ceiling light, 55 
Psychrorneters, 115 
Psychrometric tables 117 

Radar, 176, 177 
storm detection by, 177 
wind finding, 176 
Radio direction finding, 175 
Radio transmitter, 168 
Radiosonde, 168 
baroswitch, 169 
humidity element, 172 
radio transmitter, 168 
temperature element, 171 


Radiosonde, ventilation chamber, 172 
Radiosonde observations, 168 
Rain, 85 

and snow, mixed, 87 
Rainbow, 97 

Rainfall, measurement of, 156 
Rawinsonde, 175 
Receivers, 174 
Recorders, 174 

Reduction of pressure to s(a kwel, 
146, 231 

Register, automatic wind, 123 
Relative humidity, 113 
Rime, hard, 94 
soft, 93 

Robinson cup anemometer, 123 

S(*attered clouds, 53 
Scre(;n, thermometer, 101 
Sferics, 177 

Shelter, therniom(;t(‘r, 101 
Site, s(de(dion of observatory, 10 
Sky, aspect of, 52 
Sky cover, 53 

nuithod of estimating, 53 
Sleet, 88 
Small hail, 88 
Smoke, 83 
Snow, 86 

and rain, mixed, 87 
blowing, 84 
drifting, 84 

melted, measurement of, 157 
Snow pellets, 88 
Snowfall, measurement of, 156 
depth of snow on ground, 156 
Soft rime, 93 
Specific humidity, 114 
Squalls, 128 

Station, elevation of, 12 
Stations, climatological, 7 
upper-air sounding, 7 
weather, 6, 7 
winds-aloft, 7 

Storm detection by radar, 177 
Stratocumulus clouds, 31 
cumulogenitus, 32 
opacus, 31 
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Stratocumulus clouds, translucidus, 
31 

v(*spcralis, 32 
Stratosphert?, 4 
Sum of corrections, 143 
Sun pillar, 26 

Support, wind-instrument, 121 
Symbols, hydronu‘teor, 98 

Tables, psychrometric, 117 
Temperature, 99 
current, 104 
maximum, 104 
definition of, 104 
minimum, 106 
definition of, 106 
units of, 99 

T(‘mperature element, 171 
Temperatur(‘s, nu'teorological, UX) 
Theodolites, 163 
Th(‘rmograph, 1 1 1 

care and maintenance* of nH’ording 
d(‘vice, 112 
typ(‘s, 1 1 1 

Th('rmomet('r corrections, 103 
Thermonu'ter screen, 101 
Tliermonu'ter shell t‘r, 101 
Thermonu‘ters, 1(X) 
maximum, 106 
minimum, 106 
reading of, 102 

d(‘gre<* of accuracy requinnl in, 
102 

estimating tenths of degrees, 103 
position for, 102 
wet-bulb, cart' of, 116 
cleanliness of, 1 1 6 
wetting tht' muslin on, 117 
Thunderstorm, 94 
Times, standard observation, 7 
Tornadoes, 95 
Tropopause, 4 
Troposphere, 4 

Unlimited ceiling, 54 

Vapor pressure, 113 
Variometer, 193 


Ventilation chamber, 172 
Vernier on barometers, reading of, 140 
use of, 139 
Virga, 38 
Visibility, 66 

angular size of objects ustjd in 
dett^rmining, 71 
at night, 73 
daylight, 68 
definition of, 66 
effect of bright light on, 72 
effect of color of light source on, 76 
(effect of color of object on, 76 
effect of different objects and back- 
grounds in determining, 70 
effect of fog on, 76 
effect of moonlight on, 72 
(‘ffect of starlight on, 72 
eff(‘ct of terrain on, 72 
effect of twilight on, 72 
estimation of, 77 
factors which influenct', 69 
ideal object and background for 
determining, 69 

lamps, (‘ffect of bright iu‘ss of back- 
ground, 75 
nature of, 66 

position of sun in determining, 70 
prevailing, procedurt' for determin- 
ing, 77 
uses of, 66 

Visibility chart, prt'paring, 76 
Visual observations, 8 

\Vat('r di'posits (liquid and solid), 91 
Weather observatory, 10 
Weather obs('rv(‘r, 1 
Weather observing, ek'ments in, 8 
mi'thods ust‘d in, 8 
Weather record forms, 15 
W(‘ather station, improvised, 179 
estimation of cloud height, 196 
observation, of humidity, 188 
of precipitation, 182 
of pressure, 191 
of temperature, 194 
of wind, 185 

Wet-bulb temperature, 114 



Wet-bulb thermometer, care of, 
116 

Wind, 119 

definitions, 119 
direction, 119 
gustiness, 120, 126 
speed, 120 

Wind direction, estimation of, 185 


Wind direction, recording of, 123 
Wind finding by radar, 176 
Wind-instrument support, 121 
Wind instruments, exposurci of, 120 
Wind speed, estimating, 128 
Wind vane, 121 
Wind velocity, maximum, 128 
Winds-aloft observations, 162 














